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THE FOOD AND COVER RELATIONSHIP IN THE WINTER 
SURVIVAL OF THE RING-NECKED PHEASANT, PHASIANUS 
COLCHICUS TORQUATUS GMELIN, IN NORTHERN IOWA1 
WILLIAM EDWARD GREEN' 
From the Entomology and Economic Zoology Section, Iowa Agricultural Experiment 
Station 
Accepted for publication January 27, 1938 
With the passing of the abundance of the Greater Prairie Chicken, 
Tympanuchus cupido americanus (Reichenbach), in northern Iowa, 
exotic species of game birds became more attractive to farmers and sports-
men alike. The success of the Ring-necked Pheasant, Phasianus colchicus 
torquatus Gmelin, was so marked and its game qualities were so satis-
factory that assistance with the management and maintenance of shoot-
able numbers of the pheasant developed into one of the major activities 
of the Iowa State Conservation Commission. Because of the realization of 
the difficulties of this activity and in appreciation of the results obtained 
in previous cooperative agreements between Iowa State College, the form-
er Fish and Game Commission, and Mr. J. N. Darling, the cooperative pro-
gram of research and education was enlarged in 1935. The American 
Wildlife Institute, cooperating with the United States Bureau of Biological 
Survey, the Iowa State Conservation Commission, and Iowa State College 
agreed to participate equally in a general wildlife management program.3 
Within the major activity concerned with the Ring-necked Pheasant, a 
project to work out a pheasant management plan that would be practical 
and satisfactory to both the farmers and sportsmen was established as a 
part of the cooperative program. To conduct research in the development 
of such a plan it was decided to employ a graduate assistant in the Ento-
mology and Economic Zoology Section of the Agricultural Experiment 
Station, Iowa State College, and the author was called to this position on 
October 21, 1935. 
The research was pursued under the guidance of Dr. George 0. 
Hendrickson, Assistant Professor in Wildlife Management, Iowa State 
College, and Dr. Logan J. Bennett, Associate Biologist, United States 
Bureau of Biological Survey. The writer is greatly indebted to Dr. Carl 
J. Drake, Head of the Department of Zoology and Entomology, Iowa 
State College, for invaluable help in the accomplishment of this work, 
and to Assistant Game Supervisor, F. H. Davis, of Clear Lake, Iowa, for 
suggestions made during the study. In addition, the author wishes to ex-
press his thanks to the farmers on the area, especially the key men, Harold 
1 Journal Paper No. J-501 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 497. 
•A modified form of a thesis submitted to the Graduate Faculty for the Degree of 
Master of Science, Iowa State College. 
'Iowa State College, Iowa State Conservation Commission, and the American 
Wildlife Institute, cooperating with the United States Bureau of Biological Survey. 
[285] 
286 W. E. GREEN 
Hove and 0. B. Christenson, whose cooperation and support made this 
study possible. 
As an area on which to carry out the research in the establishment of 
a working pheasant management plan, there was chosen for the author a 
tract of 4900 acres, sections 9, 10, 14, 15, 16, 21, 22, and 23, Range 25, Town-
ship 100, Eden Township, and seven miles north of Thompson, Winnebago 
County. A plot of the area with the arrangement of farms and names of the 
farmers was prepared and reproduced in Plate I. 
The most nearly accurate information concerning the introduction 
of the pheasant into the area was obtained from Lars Flo, a farmer living 
in section 15. Mr. Flo stated that in 1909 or 1910 pheasants were released 
at Coon Grove, a native stand of timber surrounded by much poorly drain-
ed untilled marsh land, located one mile east and four miles south of the 
chosen tract. From this planting, he presumed, the birds spread into the 
area included in this investigation. 
Before recommendations in regard to management could be given it 
was deemed advisable to follow the pheasants through the winter in a 
survey of the factors which affected the welfare and the numbers of the 
birds. It became quite apparent to the author, after holding conversations 
with several of the farmers, that they did not carry out any practices 
specifically intended to benefit the pheasants; i.e., the pheasants cared for 
themselves. The same conditions were found by the Iowa Fish and Game 
Commission (1932), which states that, "The average Iowa farm automat-
ically provides some food and cover for upland game, but unless proper 
cover and food are present at critical seasons, game will not survive." 
Hence the author decided to watch particularly the food and cover rela-
tionship in the winter survival of the Ring-necked Pheasants of the area. 
The winter was the most severe recorded in the history of the state 
(Reed, 1936). In the late fall and through the first half of January, 1936, 
the weather was nearly normal. On January 18 a cold period began in 
which the temperatures dropped well below zero. During this cold wave 
which continued almost unabated through February 22, Iowa experienced 
the most protracted period of very low daily temperatures that have been 
recorded for the state. February was the coldest of the 117 Februaries on 
record. In addition strong cold winds and heavy snowfall continued 
throughout most of the month. A blizzard on February 8, extending over 
the major portion of the state, and a second on February 26, striking most 
severely in the north-central and north-west counties, were described by 
inhabitants as the worst in 50, or more years. 
TECHNIQUES OF INVESTIGATION 
The author was in the field every day from November 11, 1935, to 
March 5, 1936, except for a few clear Sundays and two very stormy week 
days. Observations were made from about 7: 30 a.m. until 5: 30 or 6: 00 
p.m., as a rule, and these were supplemented by a few observations be-
fore daylight and after dark. 
The Harold Hove farmstead, at which the author resided, was located 
at the southeast corner of section 16 and fairly near the center of the area. 
This location facilitated work because in a forenoon or afternoon a com-
plete circle could be made on the sections to the east or to the west. In 
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order to gather more varied and more nearly accurate observations, the 
path traversed was changed from day to day. 
Daily notes were taken on the following points: methods used by the 
investigator; the numbers and locations of pheasants observed, together 
with their physical condition and activities; and prevailing weather con-
ditions. 
During late fall, counts of the pheasants were made on foot or on 
horseback, with the aid of a dog. The few fields that could be entered 
most conveniently were covered quite well by riding back and forth sever-
al times. This technique worked the birds to one end of the field where 
they could be counted as they flushed. Because most of the farms were 
well-fenced, it was inconvenient to take a horse from one farm to another 
across the fields, and hence it was more economical of time, after coming 
near the center of a section on horseback, to go over the remaining farms 
of the section on foot. 
With the advent of colder weather and heavy drifts of snow it be-
came impossible to use a horse at all. By January 19, 1936 the snow was 
drifted so deeply in places that it was difficult to even get around on foot. 
Accordingly, skis were worn on the trips, and with them, the author travel-
ed an average of 15 miles a day. 
The farm dog that was used, although not well-trained, proved val-
uable in making pheasant counts. On trips, it ranged some distance from 
the investigator, and consequently birds were flushed from much more 
ground in a given time. In later winter the dog was seldom taken along 
because weather conditions were often such that it was not advisable to 
flush the birds. 
In the fields the following method of counting was used in late winter 
with good success. A field, usually of corn, was generally entered at one 
corner, and then a zig-zag course through the field was taken until the 
opposite end was reached. The pheasants were counted as they flushed 
from the end of the field. 
In addition to the counts in the fields, daily counts were made of the 
pheasants at various concentration centers mornings or evenings during 
the period from late November to the last of February. 
COVER OF THE AREA 
Cover as associated with game has attained a variety of meanings 
and limitations. The author has been guided by the dictionary definition 
of cover, which is in accord with Leopold (1933), who defined cover to 
mean vegetative or other shelter for game. In order to determine the 
parts of the environment used as cover by the pheasants, it appeared 
advisable in the beginning to consider all parts as possible cover. 
A wide variety of cover was found on the area. Perhaps the 1480 
acres of plowed fields and other barren ground such as harvested beet 
and tomato fields served as cover at times, but pheasants were observed 
sitting in plowed fields only once. On November 20, 1935, the author, 
with Logan J. Bennett, traversed a four-acre field of unmown sweet 
clover. Four birds flushed from there and flew to a plowed field where 
they remained for some time. A 10-inch snowfall on November 27 covered 
these plowed and barren fields, and from then until about March 15, 
1936, the fields remained mostly covered with snow. During that time, 
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although birds were observed walking across such fields, they were not 
observed to tarry there. 
The stubble cover included 364 acres of oat stubble, 140 acres 0£ 
weedy corn stubble, 7 acres of flax stubble, 109 acres of sweet clover 15 
inches tall, and 171 acres of mown alfalfa. Before the snowfall of Novem-
ber 27, 1935, birds often were observed to linger in these fields, but after 
that the fields were covered with snow and no birds were seen loitering 
there. 
On the area were 292 acres of pasture land. These pastures were 
closely grazed and cover there was slight. Before cold weather, pheasants 
were sometimes flushed from the pastures, but after the snow of N ovem-
ber 27, the pastures were filled with snow and birds could no longer be 
flushed from them. 
Hayfields other than alfalfa comprised 121 acres of the area. These 
fields were mown and so closely grazed that the remaining stubble was 
very short. Pheasants were flushed from these hayfields before the snow 
of November 27, but after that no birds were put up at such places. 
In the fall before snow came, pheasants were frequently seen, especi-
ally in cold or windy weather, at fence rows and the banks of shallow 
ditches along the roads. Birds were flushed from such places mostly 
during the day. Sometimes in early morning pheasants were observed 
on the bare, over-hanging banks of roadside ditches and along the east 
side of fence rows in the fields. Most of the fence rows and roadside 
ditches were grown to weeds and tall grasses. However, such places 
tended to drift over in late fall and following that were not used as cover. 
By November 26, fences and ditches running north and south were filled 
with snow, so that they were worthless for cover. Those running east 
and west also filled rapidly and by December 12, birds were no longer 
flushed from such places. 
On the Harold Hove farm, section 16, was a four-acre patch of dense 
unharvested sweet clover (Melilotus alba) over six feet tall (Plate III, 
figure A). The tract was about five rods wide and about 120 rods long. 
Before drifting of snow occurred, an average of 20 birds were flushed 
from this patch daily. The time of day appeared to make little difference 
in the number of pheasants which could be flushed from this tract, al-
though the highest numbers were flushed at mid-day and just before dark. 
Pheasants were not seen there after the patch drifted full of snow (Plate 
III, figure B). 
Of several sloughs, only three unmown, lightly grazed tracts harbored 
pheasants. The slough on the Leonard Olson farm, section 16, sheltered 
many birds early in the winter. Counts made in early morning and eve-
ning indicated an average of 60 pheasants flushed from this place before 
the hunting season and an average of 30 were put up daily for several 
weeks after the season. The vegetation of this slough consisted chiefly of 
bulrushes (Scirpus spp.) bordered by sedges (Carex spp.) and slough 
grass (Spartina Michauxiana). As early as December 12, the slough was 
full of snow and pheasants were no longer found there. 
The other two sloughs lay close together on the Chris Walle farm, 
section 15. The vegetation of these sloughs consisted chiefly of tall reeds 
(Phragmites communis) bordered by unmown, lightly grazed slough 
grass. These sloughs remained open longer than the first mentioned 
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slough because of excellent protection offered by a nearby willow row at 
the west. Before the hunting season about 50 birds spent the nights in 
these two sloughs and at the willow row, and after that about 35 were 
sheltered there nightly for two months. In windy or cold weather some 
birds could be flushed from these sloughs during the daylight hours. 
After February 8, 1936, the sloughs, drifted full of snow, were no longer 
used by pheasants. 
Around the edges of the sloughs the short slough grass was about 
eight inches tall. Before this short grass drifted full of snow the birds 
were nearly always flushed from it and seldom from the tall reeds. Drop-
pings indicated that the birds stayed in this short grass at night. During 
early morning and late evening trips, pheasants were quite frequently put 
up from this grass. After the short grass filled in with snow the tall reeds 
(Plate III, figure C) harbored pheasants during the night until January 
21. At that date, heavy drifting filled in the stand of reeds and from then 
until late winter both sloughs were full of snow and pheasants were not 
found in them. 
The 1450 acres of harvested corn had some cover value. About three-
fourths of the corn was hand-picked and the remainder was machine-
picked. Except for one 40-acre field of hand-picked sweet corn, the corn 
was of field varieties. In the machine-picked corn the stalks, badly crush-
ed and broken down were covered almost completely with the first heavy 
snow, January 19. Hand-picked corn, on the other hand, offered more 
cover than the machine-picked corn throughout the winter. Snow in the 
hand-picked fields by February 10, averaged three to four feet in depth, 
but two to four feet of cornstalks remained above the snow. Cattle grazed 
in nearly all the cornfields until about December 1, 1935. The contrast 
between hand-picked sweet corn and machine-picked field corn is shown 
in Plate III, figure D. The machine-picked field was almost entirely drifted 
over whereas stalks in the hand-picked field were quite prominently in 
view. The sweet corn field sheltered as high as 175 pheasants daily early 
in the winter, but only about 96 were flushed each day from the field later. 
In mild weather pheasants were not found at strawstacks. With the 
coming of severe cold, however, many pheasants went to the stacks. 
Especially was this true in cold windy weather when the birds huddled 
on the leeward side during strong winds. It was common for pheasants 
to burrow not more than half-way into the straw, usually near the top of 
the stack (Plate IV, figure C) . Pheasants were found in such places both 
at night and during the day. 
Close to farm buildings were situated several groves of evergreens 
of varying size and density. These groves contained the following trees, 
usually in more or less mixed stands: Scotch pine (Pinus sylvestris), 
white spruce (Picea glauca), Norway spruce (Picea abies), Colorado 
blue spruce (Picea pungens), White fir (Abies concolor), and Douglas 
fir (Pseudotsuga taxifolia). The author did not observe any use of ever-
green groves by pheasants for any kind of shelter during the winter. Even 
in the most severe weather the birds used other shelter although such 
shelter was farther from the feeding areas than were the evergreens. 
None of the evergreen groves abutted a field which contained food avail-
able to the birds. Two farmers reported that during the winter of 1934-'35, 
pheasants had used evergreen groves that were contiguous with corn-
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fields. In England, Tegetmeier (1904) reported in detail on the success-
ful use of evergreens for pheasant roosting cover. He recommended 
spruces and firs highly and assigned some value to close branching pines, 
but made no mention of the proximity of food to the evergreen cover. 
Although every farmstead on the area had a grove of deciduous trees, 
only two such groves near occupied buildings showed evidence of use as 
cover by pheasants. The large grove of the Lars Flo farm, section 15, 
sheltered nine pheasants regularly night and day during very cold 
weather. With the advent of warm weather the birds were no longer 
found there. On the Carlson farm, section 9, a mixed coniferous and 
deciduous grove was situated west of the buildings. On November 13, the 
author observed 34 pheasants perching in a willow row on the extreme 
western edge of the grove, but at no other times were pheasants seen in 
that grove. At the unoccupied farmstead of the 40-acre tract, section 22, 
leased by Morris Erdol, eight pheasants were found on three occasions at 
8: 00 a.m. These birds were huddled on the southeast corner of the grove 
during strong winds. 
On the Levi Selvig farm, section 9, a three-acre deciduous grove, 
without buildings, sheltered about 75 pheasants throughout the winter. 
Birds were usually seen there before and during storms, but numerous 
droppings indicated that they were also spending the nights there. Tall 
cottonwoods (Popiulus deltoides) and tall elms (Ulmus spp.) were the 
major trees of this grove. Rose bushes (Rosa spp.) and tall burdock 
(Arctium minus) added to the cover in the grove. (Plate IV, figures A 
and B.) 
Willows (Salix amygdaloides) were used throughout the winter. A 
willow row (Plate IV, figure D) located just south of the Chris Walle 
home, section 15, occasionally harbored 20 pheasants during storms. These 
pheasants were from the flock that fed regularly in the 60-acre hand-
picked cornfield across the road. A shorter row of second growth willows 
(Plate V, figure A) situated just across the road from the willow row of 
Plate IV, figure D and at the edge of that cornfield, was not used by the 
birds. At no time did the author observe pheasants in this willow row, 
regardless of weather conditions or time of day. But the single willow 
tree and all its shoots (Plate V, figure B) located in .almost the exact cen-
ter of the afore-mentioned 60-acre cornfield provided cover for 14 to 34 
pheasants throughout the winter, even in severe weather. Birds were 
flushed from there in the daytime, and because they were found there in 
early morning and late evening, it is probable that they spent the nights 
near that tree. A clump of first growth willows covering an area of nearly 
two square rods and located on the Olson Bros. farm, section 21, was 
much used by pheasants at night and during the daytime in the earlier 
part of the winter. Until it drifted over, that clump harbored about 105 
birds at night and during stormy days. The birds utilized the clump as 
cover until it was completely drifted over. In Plate V, figure D, and 
Plate VI, figures A to D, inclusive, that willow clump is shown in the suc-
cessive stages of drifting. On the Elveback Bros. farm, section 22, a willow 
row located 10 rods east of the buildings sheltered seven pheasants during 
storms and at night (Plate V, figure C). At the western fence of the 
Chris Walle farm, section 15, a willow row (Plate VII, figure A) located 
on the west side of the sloughs was used by pheasants regularly at night 
THE RING-NECKED PHEASANT IN NORTHERN IOWA 291 
and somewhat during the day, especially in stormy weather. It was also 
of value because it prevented the slQughs from drifting full until the severe 
drifting that occurred February 8, 1936. The willows, partly filled with 
snow earlier in the winter, were nearly covered with snow on February 
8, but they continued to give protection to the sloughs. 
CLASSES OF COVER 
With respect to function, Leopold (1933) defined several classes of 
cover of which the following were found in this investigation: (1) escape 
cover, that offered invisibility, mechanical protection from precipitation, 
and refuge from hunters; (2) loafing cover, that offered wind protection 
and sun in winter; (3) roosting cover, that offered a resting place at night. 
The pheasants apparently had little need for escape cover in which 
to hide from preying wild animals. The only raptorial birds seen on the 
area were two American Rough-legged Hawks, Buteo lagopus s. johannis 
(Gmelin), and five Short-eared Owls, Asio flammeus flammeus (Pont.). 
·The hawks ranged over the southeastern section and neighboring land 
outside the area, while the owls were found in the grove of the Fred 
Lamping farm, section 21. No other predatory wild animals were observed 
during the winter. At no time were live pheasants noticed to be disturbed 
by a predator. Hence it was not possible to rank the escape value of the 
cover for pheasants in relation to actual use for invisibility or mechanical 
obstruction to ward off preying enemies. For mechanical protection 
against snow · the behavior of the birds gave more evidence. Generally 
several hours before a snowfall pheasants began to congregate at willow 
rows and clumps, in sloughs, in groves, and in the unmown sweet clover. 
So constant were those movements that farmers predicted coming snows 
by observing concentrating pheasants at those places. The only other 
cover in which pheasants remained during snowfalls was the sweet corn 
field which the feeding birds did ndt leave before the storms. As no fields 
were set off by the farmers as refuges, the hunters had free access to all 
parts of the area. No cover of itself offered much refuge to the birds from 
the hunters, for during the hunting season the gunners were able to drive 
birds out of all cover types. 
Several types of cover served for loafing purposes. During periods 
of strong, cold winds, pheasants sought shelter at the leeward sides of 
groves, willows, and straw stacks, and in the sloughs. The birds left such 
shelter to feed for only a few hours on windy days. Pheasants were seen 
to tarry at times, particularly in mornings, at the sunny sides of ditch 
banks, weeds of fence rows, and other taller vegetation. 
The pheasants generally roosted on the ground. When the weather 
was mild, as in late fall, slightly more than one-half of the birds rested on 
the ground at nights in cornfields, stubble fields, and short slough grass. 
The remainder of the pheasants in such weather 'roosted on the ground at 
the willows and groves, and in unmown sweet clover. After the onset of 
cold winter weather many of the birds roosted on the ground or snow in 
the shelter of the willows, groves, sloughs, and unmown sweet clover. A 
varying number of pheasants roosted in the unpicked sweet corn field at 
night, in even the coldest weather. A few pheasants burrowed int.o straw-
stacks to rest during several very cold windy nights. 
On only one occasion, at 10: 30 a. m. on a misty late fall morning, were 
pheasants seen in trees. Perhaps they roosted there the previous night. 
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Leffingwell (1928) observed that in Oregon the pheasants were roosting 
in trees to quite an extent, although ground roosting appeared to be more 
common. 
FOOD 
The food of the pheasants was quite varied during the winter months. 
Much food was available on every farm in early fall, although some places 
offered a greater abundance than others. 
In the three-acre vacant grove, section 9, were dense stands of bur-
dock ( Arctium minus) as shown in Plate VII, fig. D, of which the seeds 
were probably used as food for pheasants. To secure the seeds, perhaps 
the pheasants rolled the burs around until they matted together (Plate 
VII, fig. B) , for many pheasant tracks were seen around these mats. No 
crops of pheasants found dead at this grove were examined to supply 
further information concerning the food of the birds at that location. 
Smartweed (Polygon um spp.) was of some importance as winter food, 
especially in sheltered spots. It was common in some stubble fields, and 
was available early in the winter. However, because of its short growth 
it soon was drifted over and the seeds were then unavailable to the pheas-
ants. 
On section 22 the crop of a four-acre patch of soybeans (Soja max), 
was piled in many cocks which were at least partly above the snow 
throughout the winter. During the first part of the winter the cocks were 
not visited by pheasants, but as other food became scarcer there was con-
siderable evidence of pheasants feeding on the beans. Pheasant tracks 
were numerous around the piles of beans and broken pods were scattered 
on the ground. No crops of birds from this field were examined. 
There was some evidence that pigweed ( Amaranthus retroflexus) 
was used as food, especially on the banks of the ditch on Olson Bros. farm, 
section 21. From the tracks and bits of plant material scattered on the 
ground it appeared on several days that pheasants ate some of the pig-
weed seeds. 
Seeds of lamb's quarters (Chenopodium album) served as food 
throughout the winter, even where corn was available. This weed was 
prevalent in cornfields, in thin willow thickets, on banks of and in shallow 
ditches, and in fence rows. Crops that were examined showed this seed 
to be present. 
In small grain fields the lesser ragweed (Ambrosia artemisiifolia) 
was quite common. A small stand of greater ragweed (Ambrosia trifida) 
was found on the ditch banks, Olson Bros. farm, section 21. Crops that 
were examined showed seeds of both ragweeds as present, with the lesser 
ragweed far more abundant than the greater one. 
Pigeon grass (Setaria spp.) was taken as food in considerable quan-
tities. Its presence in corn rows in all cornfields on the area no doubt had 
a great influence on its popularity. Crops that were examined contained 
an abundance of pigeon grass seed. 
Oats (Avena sativa) ranked next to corn in the pheasant's diet. Ex-
amined crops had a large proportion of oats. These oats were picked up, 
quite surely, at or near strawstacks, and some stacks yielded more grain 
than others. 
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On most of the farms of the area, the hogs were disposed of early in 
the season or else kept out of cattle yards during the severe weather. 
Hence, the manure in the cattle yards and barns was not cleaned of corn. 
When this was hauled to the fields considerable corn was made available 
to wildlife. It was common to see numbers of pheasants feeding on freshly 
hauled manure. Because of the extremely cold weather the manure soon 
froze and the corn could not be taken out by the birds and was therefore 
of food value only for a short time after the spreading. 
Corn was, beyond a doubt, the basis of subsistence of the pheasants 
under observation. Both field and sweet corn were utilized by the birds. 
When corn was not available in the fields, the birds entered hog lots, 
visited corn cribs, and frequented manure piles in an effort to obtain this 
cereal. On the area there seemed to be no shortage of corn as food. 
Machine-picked corn offered considerable food in early fall and winter 
because so much was shelled off during the picking process. The snow 
of November 27 partly filled these fields and by December 12, they were 
so full of snow that the corn was unavailable to the birds. In the early 
winter hand-picked corn did not offer as much food as did the machine-
picked corn. Because the food of the hand-picked fields consisted of un-
picked ears hanging above the snow, the actual available supply through-
out the winter was much higher. A general view of a hand-picked field is 
shown in Plate VIII, fig. B. When this picture was taken the fields were so 
full of snow that most of the ears were either below or just above the top 
of the snow. While the available food is not all apparent in this picture, 
this field offered a large amount of food to the pheasants. In one hand-
picked field of 60 acres, an average of nearly one ear to the hill was left 
in late and hurried picking (Plate VIII, fig. A). In the corn rows there 
was also much pigeon grass and lamb's quarters of which the seeds were 
used as food. The 40-acre field of sweet corn, section 22, contained much 
unpicked corn left after selective picking. In this sweet corn many entire 
hills were left unhusked. Such views as Plate VII, fig. C, which show 
kernels missing from the ears and many pheasant tracks around the hill, 
were common throughout the field. During the first part of the winter 
the pheasants were very particular about the quality of the corn eaten in 
this field. With plentiful food before them, only the choice kernels were 
taken. Frequently, ears were seen with only the good kernels taken and 
with all smutty, moldy, cracked, or otherwise damaged kernels left. Later, 
when food became scarcer, the pheasants visited these cobs again and 
picked out even the poor kernels. 
Listed in the order of importance, seeds of the following plants were 
taken by the pheasants for food: field corn, sweet corn, oats, pigeon grass, 
corn (in manure), lesser ragweed, lamb's quarters, smartweed, soy beans, 
pigweed, and greater ragweed. 
Similar observations have been made in other states. Leffingwell 
(1928) reported that pheasants observed in several states seemed to feed 
on whatever was easiest to obtain, but that the three seeds most com-
monly eaten were ragweed, smartweed, and foxtail. Severin (1933) found 
that in South Dakota corn was the largest single item in the diet of the 
pheasant. He listed the following seeds as being important as pheasant 
food: corn, wheat, barley, oats, and foxtail. From Michigan, Pirnie 
(1930) wrote, "The winter foods usually available ... include the seeds 
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of many grasses and sedges, and such farm plants as ragweed and pigweed. 
When other food is scarce, pheasants work at teasel, sticktights, burdocks, 
and milkweed pods." 
In Colorado, Burnett (1921) and Maxson (1921) found that pheas-
ants fed during the winter on corn, oats, ragweed, bindweed, and wild oats. 
Hicks (1935) observed the distribution and abundance of pheasants 
in Ohio to be rather closely linked with the corn crop. Dalke (1935) con-
firmed the importance of corn as pheasant food. He reported that in 
Michigan, one-third of the annual food of the pheasant is corn, including 
waste grain which remained in the field, corn dropped by pastured stock, 
corn carried into the woods by squirrels, and also that which was returned 
to the fields in the form of manure. 
HABITS OF FEEDING 
Feeding was usually done in the early morning and late afternoon, 
seldom at mid-day. In late fall the pheasants left cover at the hours of 
6: 00 to 8: 30 a. m. and were back in shelter by 5: 00 p. m. Because food 
was plentiful and readily available at that season less time was required 
for pheasants to obtain sufficient food than was the case later. As winter 
progressed the birds stayed at the roosting cover later in the morning be-
fore going out to feed, and on clear cold days they remained in the fields 
until after dark. On stormy and windy days the pheasants returned to 
loafing cover before noon and generally went to feed again for two to three 
hours in late afternoon. 
There seemed to be very little fighting among the pheasants while 
they were feeding. Both sexes were usually found in the flocks of birds 
and there was no evidence to indicate that either sex fed more than the 
other during the winter. In early fall the pheasants were spread through-
out the fields while feeding, but as colder weather set in they tended to 
group together to some extent. While feeding in the most severe weather 
the birds crowded quite close together in flocks of as many as 50 indi-
viduals. 
Pheasants fed on manure whenever it was available in the fields. Be-
cause manure spreaders could not be used on the snow covered ground 
it was the common practice to haul the manure out in sleds and pile it in 
the fields until such a time as it could be spread. Pheasants flocked to 
these manure piles in large numbers where they fed until the manure 
froze so hard that the corn could not be taken out. 
During the last half of February, when food was scarce, two flocks of 
25 and 50 pheasants entered two different hog lots nearly every day to 
feed on corn with the hogs. In some instances these pheasants would not 
fly when the farmers approached or if they did fly away a short distancP. 
they soon returned. 
Sometimes pheasants ranged considerable distances in order to feed. 
In the middle of a 90-acre plowed field from which the nearest shelter 
was about 80 rods away, one day in late fall a few birds, evidently in search 
of food, were observed to be traveling over the snow toward cornfields. 
Pheasants that roosted at the willow row, section 21, ranged from 40 to 80 
rods to obtain food. Constant averages of bird counts made in various 
feeding areas indicated that many pheasants fed in the same fields day 
after day. 
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In general, feeding occurred twice a day and between the feeding 
periods the pheasants loafed in the fields or in more protective shelter. 
One feeding a day sufficed during the days of snowstorms. Whether or not 
the birds took any food during the middle of the day was a matter of 
conjecture. Leffingwell (1928) found that pheasants apparently fed twice 
a day, in the early morning and again before sunset, and he also suggested 
that although they might take food at other times than in morning or 
evening, here was no distinct search for it. 
OTHER GAME BIRDS 
Few Greater Prairie Chickens were on or near the area during the 
winter of 1935-36. Only one was known to have remained there all win-
ter. It stayed in a 60-acre cornfield at the southwest corner of section 14. 
On November 13, 49 were reported by Harold Hove, but they were not 
seen again. On March 2, the author observed 18 on section 22. These 
birds probably were migrating back to the North. 
In the fall of 1935 there were 36 European Partridges, Perdix perdix 
perdix (Linnaeus), on the area. The partridges were grouped into five 
coveys composed of six to nine birds. On sections 14, 15, 16, 21, and 22, 
respectively, were coveys of seven, six, nine, and seven partridges. In 
almost every instance the partridges were flushed from the tops of small 
knolls and only a few times from low ground or from groves. The ranging 
of coveys was rather restricted. From observations it seemed that a covey 
ranged over an area not exceeding one-eighth of a mile in radius. 
The partridges appeared to be very hardy birds as evidenced by the 
winter survival of 35 of the 36 birds. One of the partridges was found 
dead on February 25. As the breast profile was 80 per cent of normal, that 
bird ·had not starved to death. No cause for its death was revealed during 
the examination of the dead partridge by the author and several other 
members of the Department of Zoology and Entomology. 
In severe weather the partridges huddled closely together to con-
serve warmth. On several occasions the author flushed a covey of nine to 
observe that the depression left in the snow where they had roosted was 
smaller than that made by one pheasant. 
Partridges and pheasants ranged in the same field but were never 
seen to feed together. No fighting between the two species was observed. 
PHEASANT LOSSES 
Before the hunting season in late fall it was estimated by the author 
that approximately 1,000 pheasants, or an average of one per 4.9 acres, 
resided on the eight section tract under observation. Ther·e was probably 
an influx of a few birds from Minnesota where the hunting season opened 
earlier than in Iowa. Farmers on both sides of the state line reported 
movements of birds into Iowa during the time that hunting was going on 
in Minnesota. Definite data on the exact numbers were not available. 
Although the author did not reach the area until after this movement was 
well under way he observed at least 10 crippled birds shortly after his 
arrival and before the Iowa hunting season opened. Probably these 
pheasants had been wounded by hunters across the state line. 
After the hunting season the farmers of the area reported that 501 
pheasants had been taken by hunters. Approximately 493 phe~sants re-
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mained to enter the winter. Of those, 423 were found on the south six 
sections (sections 14, 15, 16, 21, 22, and 23), most of the remainder on sec-
tion 9, and only a few on section 10. It was estimated that there were 
about three hens to each cock at the beginning of the winter. 
In attempts to account for the losses during the winter, daily searches 
were made for dead pheasants. The dead birds were collected, examined 
at least superficially, and those which had not been disturbed by scaven-
gers were weighed. The weights of the dead hens varied from 1.50 to 2.25 
pounds, and of the cocks from 1.50 to 4.00 pounds. The mean average 
weight of hens was 1.74 pounds and of cocks 2.64 pounds. Only one cock, 
found February 5, weighed as little as 1.50 pounds. The sternum of this 
male was prominent and poorly covered with flesh, and the remainder of 
the body was very emaciated. That cock was found in a straw stack (see 
Plate IV, fig. C). Without internal examination it was assumed that the 
bird in a weakened condition died from freezing. That cock was the only 
bird that showed advanced emaciation and probable starvation which 
accounted for 0.2 per cent of the population at the beginning of the winter. 
All other dead pheasants were in good flesh and quite plump. 
Only one dead bird indicated probable predatory loss. A warm head-
less pheasant hen was found, but there were no signs nor tracks of a 
possible predator discerned in the vicinity. Snow was drifting lightly at 
the time and perhaps any signs were covered quickly. The probable 
predatory loss of pheasants was 0.2 per cent of the birds entering the 
winter. 
The loss because of taking pheasants out of season was learned in 
part, at least. The illegal taking of 12 birds was reported to the investi-
gator. That loss accounts for 2.3 per cent of the early winter population. 
Fourteen dead pheasants showed early symptoms of pneumonia. 
Their mouths were bloody and showed more than normal amounts of 
mucus. As this loss was only 2.7 per cent of the total number of birds 
entering the winter, pneumonia did not seem to be of great importance as 
a lethal factor. 
A large part of the loss of pheasants was attributed to freezing and 
choking which seemed to be very closely related. Two blizzards and three 
drift storms, each lasting one to two days and coupled with temperatures 
of zero to -35° F., wreaked havoc among the pheasants. Birds, caught 
in drift storms and blizzards away from dense escape cover, almost in-
variably turned their tails to the wind and crouched on the snow. The 
body feathers of such unfortunate pheasants were ruffled and the driven 
snow was packed under the feathers. Body heat melted the snow and the 
severe cold caused the water to freeze and thus encase the birds in ice. 
Many of the ice-encased birds probably froze to death, for their bills and 
nostrils appeared to be clear of bloody or excessive exudates, and of the 
head not more than the eyes were covered with ice. Hence they prob-
ably did not choke to death. Perhaps the eyes of some of the birds were 
covered with ice before their death, and they were unable to find suitable 
protective cover. A few farmers on the area captured birds with ice-
covered eyes and placed them in chicken houses until the ice melted. 
Upon liberation those pheasants soon flew away and appeared to have 
suffered but little from the experience. Some farmers reported the find-
ing of pus in the eyes of the pheasants, evident only after the ice had 
melted from the eyes. 
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After those storms it was a common occurrence to find pheasants, 
heavily coated with ice and snow, that would not fly at the approach of 
the observer. Such birds ran a short distance and then stopped in a 
crouching position. 
Following those five drift storms numerous pheasants were found 
with the bills or nostrils, and in some cases both of these parts, covered 
with ice (Plate VIII, fig. C and D). Probably in such cases the birds died 
of choking, although some of them were also encased in ice. 
A few birds froze to death while roosting in the strawstacks. (Plate 
IV, fig. C, and Plate IX, fig. A and B). 
In total, freezing or choking was considered responsible for the 
death of 137 pheasants, 27.70 per cent of the population remaining after 
the hunting season. 
During bl~zzards and severe drifting some pheasants were covered so 
deeply with snow that they were not found until after the late winter 
thaws. The causes of death in those cases were not determined. 
In early winter about 35 pheasants were observed to leave section 10 
and cross the state line into Minnesota where they remained during the 
winter near a large thicket of first growth willows. These birds were not 
observed to return to the area in Iowa but the author saw them near the 
Minnesota willow thicket several times during the winter. 
Although numerous reports were received of crows attacking and 
killing pheasants, the author did not observe crows molesting live pheas-
ants. Probably such reports arose from observations of crows feeding on 
dead birds in the fields. Crows did act as scavengers. Without the crows 
it would have been more difficult to find some of the dead pheasants. 
Crows located even the partially snow-covered birds, plucked and scat-
tered many of the feathers, and fed upon the carcasses (Plate IX, fig. C 
and D). The large dark patches of scattered feathers on the snow and 
occasional presence of crows made it possible to locate dead birds at con-
siderable distances. 
The known winter losses together with the percentages of the early 
winter population and causes of loss have been summarized in table 1. 
TAaLE 1. Known winter losses 
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Near the close of the winter quite accurate last counts of the pheasants 
totalled 246 birds as residing on the area. Those 246 birds added to 
the 238 birds known to have been lost during the winter accounted 
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for 484 of the early winter population. The most satisfactory and 
most nearly accurate counts of the pheasants in early winter totaled 
493 birds as residing on the area. Thus nine birds were not accounted 
for in the course of the winter's observations. Perhaps a few or all of the 
nine birds unaccounted for were snowed under and not discerned 
after the late winter thaws, for some of the last dead birds picked 
up were so soiled that they were nearly invisible. As soon as the snow 
was nearly gone hogs were turned into several cornfields before the 
author had an opportunity to check the fields thoroughly. 
As is discussed under the next heading, perhaps some birds strayed 
on to the area under investigation and others left in addition to the 35 
known to have strayed from the area. Perhaps the nine birds unaccounted 
for, or several of them, were among those that strayed to neighboring 
fields. 
At the close of winter the ratio between the sexes remained about 
the same as at the beginning of that season, namely three hens to one 
cock. Hence it did not appear that either sex was more resistant 
than the other to severe winter weather. 
The populations of pheasants according to counts made by the in-
vestigator at several times during the period of investigation are 
summarized in table 2. 
TABLE 2. Pheasant populafums of the area 
Pre-shooting population .................................................................... .......... ............................ 1,000 
Birds entering winter .............................................................................................................. 493 
Survivors .................................................................. .......................................................... ............ 246 
SURVIVAL AND LOSSES IN RELATION TO FOOD AND COVER 
Concerning the importance of food and cover for pheasants Wight 
(1933) wrote, "On cold days pheasants, like many other animals, linger 
near or within roosting sites, and frequently do not leave the roost at 
all. Consequently their greatest comfort during a cold winter is derived 
from a dense roosting site near which a good food supply is available." 
On the area under investigation during the severe winter of 1935-'36 
not only comfort but also survival depended on the proximity of food to 
dense cover. 
No loss was known to occur near the willow row on the Elvebak Bros.' 
farm, section 22, nor at the willow row south of the Chris Walle farm, 
section 15. From neither place were birds required to range far for food. 
On the Elvebak farm seven birds depended throughout the winter largely 
on an acre of corn, with nearly half the ears unpicked, located just south of 
the willow row. On the Chris Walle farm the willow row was located 
just south of the farmyard, and in severe weather the pheasants fed in the 
hog lot with the hogs. The grove on the Walle farmstead offered pro-
tection from the wind as the birds went from the willow row to the hog 
lot to feed. The 18 or 20 birds seen at the willow row and hog lot were 
there only during the most severe weather. Probably they came from the 
flock of 34 pheasants present at the 60-acre field of corn in more open 
weather, because its reduced numbers, 14 or 16 in the most inclement 
weather, were then flushed close to the willow tree in the 60-acre field. 
At the Lars Flo grove the early winter number of nine pheasants was 
reduced by one bird, or 11.1 per cent; and eight were left in late winter. 
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At the Erdol grove the early eight were reduced by four, or 50 per cent, 
that were picked up in a barren field nearby. 
Mortality was low in the flock of the 60-acre hand-picked field of corn 
with a willow tree in the center, section 14. In the field and at some dis-
tance from the willow two dead pheasants were found, five dead birds 
were discovered in adjoining pastures and plowed fields, and three were 
poached. The early winter flock of 34 pheasants increased in late winter 
to 36 despite the loss of 10 members. The 10 dead birds added to the in-
crease of two accounted for 12 new members joining the flock during the 
winter. Perhaps those 12 came from the slough on the Chris Walle farm, 
section 15, after the tall reeds had drifted full. Three-eighths of a mile of 
weedy fence lines, although full of snow, formed a sheltered path around 
the plowed field between the sloughs and willows of the Walle farm-
stead which at times were cover for some of the flock of the 60-acre corn-
field. The 12 lost birds were about 26 per cent of the 46 (34 plus 12) some-
time members of the flock. In the 60-acre cornfield pheasants did not 
have to range any great distance in feeding because the corn closely sur-
rounded the willow tree, and while the birds fed in the corn the standing 
stalks protected them from the elements to some extent. 
The next higher percentage of loss by death occurred in the 40-acre 
field of sweet corn, section 22, where 69 pheasants, about 39.5 per cent of 
the highest count of 175 birds, were lost. Fifty-nine dead pheasants were 
picked up in the corn, five were found in adjoining pastures and plowed 
fields, and five were taken illegally. Despite the lack of cover other than 
that afforded by the cornstalks, many pheasants remained in the sweet 
corn day and night. The closest denser cover was nearly 40 rods away but 
at no time were pheasants observed to move from the sweet corn to that 
cover. In late winter just before the thaws uncovered more food in the 
adjoining machine-picked fields 96 birds remained in the sweet corn. The 
loss by death of 69 added to the 96 remaining birds totalled 165 pheasants 
as sometime winter residents in the sweet corn. If 13 pheasants of the 
slough on the Walle farm, section 15, otherwise unaccounted for, came 
to the sweet corn field, the maximum resident number was 178 pheasants, 
three more than the high count of 175 birds seen at one time in the sweet 
corn. As the food became scarcer in the sweet corn near the end of the 
winter, and before the thaws uncovered corn of machine-picked fields, 
perhaps 13 birds not accounted for otherwise (178 minus 165 dead birds 
and those living in late winter) strayed off the area to hand-picked corn 
just south of section 22. In that corn pheasants were observed but not 
counted. 
There was a loss of 10 birds, or 50 per cent, of the 20 pheasants enter-
ing the winter at the unmown sweet clover, section 16. Five of the lost 
birds were found dead in the sweet clover, two dead birds were located 
in an adjoining cornfield, one was found dead in a roadside ditch, and two 
were taken out of open season. After the sweet clover drifted full 
probably three of the remaining 10 birds were frozen in the nearby straw 
stack. The closest food available to those birds was an adjoining field 
of machine-picked corn at the north. After that corn drifted over the 
pheasants went to a hand-picked field about 30 rods south of the sweet 
clover. A deep snowdrift in the fence line running north and south gave 
some protection from the wind to the birds going between the clover and 
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the corn. After the sweet clover drifted full perhaps the remaining seven 
birds went from their usual feeding field of 12 acres of hand-picked corn 
to the willows in section 21, which still had some cover value. 
A higher percentage of birds was lost in death from the flock that 
frequently sought shelter in the vacant grove, section 9. The grove was 
separated from a large field of hand-picked corn by a 50-foot strip of mown 
alfalfa. Across the road and west of the first cornfield lay an even larger 
acreage of hand-picked corn which offered additional food throughout 
the winter. Even while the birds fed in those fields they were protected 
from the adverse elements by the standing stalks. Of the flock wintering 
at the grove at least 39 perished in the most severe weather. Sixteen of 
the 39 dead pheasants were found in the three nearby cornfields, 15 were 
picked up in the adjoining mown alfalfa, five were gathered from the nar-
row strip of mown sweet clover between two nearby cornfields, and three 
in the road south of the fields. At the grove the daily counts in early 
winter averaged 35 birds and the numbers increased following heavy 
snowfall later in the winter to 75. The latest winter daily counts averaged 
49 birds. In computing the percentage of loss the total number of birds 
that must be considered was 88, obtained by adding 39 that died and the 
49 remaining. The probable gain of 53 birds over the early number of 35 
was considered to be made up in part of 30 pheasants from the slough on 
the L. Olson farm, section 16, after the sedges and slough grass drifted 
full. Perhaps the additional 23 birds came from cornfields with slight 
cover of the section west of the vacant grove. The loss was 44.3 per cent of 
the total 88 pheasants. 
A loss of 47 dead birds, about 44.2 per cent of 105 early residents, 
occurred in the flock which sought shelter at the willow thicket on the 
Olson Bros.' farm, section 21. Thirteen died in the willows. 19 in the corn-
fields, 13 in nearby pastures and plowed fields, and two were poached. 
The willows were isolated in a six-acre field of corn stubble, except for a 
grassy shallow ditch leading out toward the southwest. The closest 
available corn was about 100 feet from the thicket. After the first snow 
the ditch filled up and offered no shelter, even as a lane of travel from 
the willows to the cornfields. Hence the birds were entirely exposed to 
the weather as they ranged from the willows to feed. The late winter count 
of 46 birds plus the 47 dead birds accounted for 93 members of the flock. 
Perhaps seven pheasants came from the snow-filled sweet clover on 
section 16 to the willows to make the total of 112 sometime residents. 
That number, 112, minus 93 (living at the end of winter and those found 
dead) left 19 to be accounted for in other ways. Perhaps 10 dead birds 
found in the strawstack about 60 rods west of the willows were among the 
19 otherwise missing. The remaining nine, perhaps, strayed to hand-
picked corn about one-half mile west in section 20. 
Because no dead birds were found in the slough on the L. Olson farm, 
section 16, and as there was a gain of 53 birds at the vacant grove, section 
9, it was thought that the 30 birds of the slough went to the grove after 
the slough filled with snow. The vacant grove was close to the other side 
of the hand-picked cornfields in which the pheasants previously fed. 
Four birds, 11.4 per cent, of the 35 birds entering the winter at the 
sloughs and willow row of the Chris Walle farm, section 15, were found 
dead in the vegetation of the sloughs. The cover value was not as good 
as the low percentage of loss would indicate, however, because the pheas-
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ants left the slough early in the winter after it drifted full. It was as-
sumed that six of the remaining 31 birds went to a strawstack where they 
were found frozen, 12 moved to the 60-acre cornfield on section 14, and the 
other 13 traveled south to the sweet corn field, section 22. 
No pheasants roosted regularly at strawstacks and it was not known 
how many sought shelter in straw in inclement weather. Nineteen 
pheasants, the greatest loss in roosting cover, perished in three straw-
stacks. Ten pheasants, including the starved cock, were found at the 
strawstack west of the willows of Olson Bros.' farm, section 21, and prob-
ably they were former members of the flock that earlier found shelter in 
the willows. Six birds were found dead in the strawstack on the Iverson 
farm, section 22, and it was believed that those birds were from the 35 
which started the winter at the slough on the Chris Walle farm, section 15. 
The other three birds were picked up at the strawstack just south of the 
sweet clover strip on the Harold Hove farm, section 16, and were no doubt 
part of the 20 pheasants that entered the winter in that clover. 
SUMMARY 
Pheasants were found in a variety of cover including bare ground, 
mown and grazed fields, unmown and ungrazed sloughs, weedy fence-
rows and ditches, farm crops, strawstacks, thickets and deciduous groves. 
Pheasants were not seen in evergreen groves of which none adjoined feed-
ing grounds. 
For escape cover pheasants used cornfields, willows, sloughs, straw-
stacks, tall sweet clover, and deciduous groves. No field was set off as a 
refuge for the pheasants during the hunting season. Perhaps bare ground 
was of refuge value. 
Birds loafed in several types of cover: deciduous groves, willows, 
strawstacks, sloughs, weedy ditch banks and fence rows. 
Pheasants were not observed to roost elsewhere than on the ground. 
In mild weather of late fall many pheasants roosted in cornfields, stubble 
fields, and sloughs, whereas, few birds roosted in willows, groves, and 
unmown sweet clover. During storms and cold winter weather many 
pheasants roosted in groves, willows, sloughs, unmown sweet clover and 
sweet corn whereas few roosted in more open cover. 
The food of the pheasants was quite varied during the winter months. 
Listed in the order of importance, the following seeds were taken by the 
pheasants as food: field corn, sweet corn, oats, pigeon grass, corn (in 
manure), lesser ragweed, lamb's quarters, smartweed, soy beans, pigweed, 
and greater ragweed. 
Usually the birds fed twice a day, in early morning and late after-
noon, and seldom at mid-day. Between feeding periods the pheasants 
loafed in the fields or in more protective shelter. 
Only one Greater Prairie Chicken stayed on the area during the 
winter. Thirty-six European Partridges entered the winter on the area, 
and only one succumbed during the winter. In almost every instance the 
partridges were flushed from the tops of small knolls. 
Out of approximately 1,000 pheasants entering the winter, an average 
of one per 4.9 acres, 501 were reported as taken by hunters, and 493 re-
mained to enter the winter. At the close of the winter's observations 246 
pheasants were left on the area. A loss of 238 birds, 48.2 per cent, was 
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known to have occurred and only nine were considered to be unaccounted 
for. 
Starvation and predation losses were negligible, and the poaching 
loss was low. The highest losses came from freezing and choking during 
severe weather. 
Crows did not attack living pheasants but were scavengers on car-
casses of dead pheasants. 
Survival was highest in the flocks that roosted in dense cover of wil-
lows and groves adjacent to an available food supply that required little 
ranging to obtain. Survival was less in the flocks that roosted in dense 
cover but which were required to range over long distances to obtain 
food. Losses were highest in the flocks that roosted in open cover and 
that were forced to range some distance in feeding. 
PLATE I 
Diagram map of the area on which these studies were carried on. This map shows 
sections, farms, and tenants. 
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PLATE II 
Farm crops and game cover map. This map shows the potential cover on the area, 
and illustrates the food and cover relationships found there. 
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PLATE III 
Fig. A. Sweet clover before drifting occurred. Note density of cover. 
Fig. B. Sweet clover drifted over. Note lack of cover. 
Fig. C. Tall reeds (Phragmites communis). These were used as cover before they 
were completely drifted over. 
Fig. D. Contrast between hand-picked sweet corn and machine-picked field corn. 
Note lack of cover in machine-picked field in foreground. 
PLATE IV 
Fig. A. Vacant grove, section 9. Note density of cover and the windbreak offered 
here. 
Fig. B. Vacant grove, section 9. 
Fig. C. Cock burrowed in straw. This bird was found dead. 
Fig. D. Willow row, section 15. This grove occasionally harbored 20 pheasants. 
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PLATE V 
Fig. A. Willow row, section 14. This row harbored no pheasants 
Fig. B. Willow located in the middle of a 60-acre field of hand-picked corn, section 
14. This willow provided cover for 14 to 34 pheasants during the winter. 
Fig. C. Willow row east of Elvebak farmstead section 22. Seven pheasants sought 
shelter here during the winter. 
Fig. D. Willow clump, section 21, from distance. Note lack of food or cover in 
surrounding area. 
PLATE VI 
Fig. A. Willow clump, section 21, before drifting started. As many as 125 pheasants 
were found here early in winter. Note the apparent excellent cover af-
forded by these willows. 
Fig. B. Same willow clump, one-half drifted over. 
Fig. C. Same clump, three-fourths drifted over. Note scarcity of cover. 
Fig. D. Same clump completely drifted over. Note lack of cover. This series of 
pictures illustrates what happened to cover during the winter. 
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PLATE VII 
Fig. A. Willow row along west side of Walle's slough, section 15. 
Fig. B. Burdock. Note pheasant tracks in foreground. 
Fig. C. Evidence of pheasant feeding. Note kernels missing from ear. 
Fig. D. Burdock. Note the mats of burs. 
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PLATE VIII 
Fig. A. Hand-picked cornfield. Note ears left on stalks. Such hills were the source 
of much food for pheasants. 
Fig. B. General view of a hand-picked field of corn. This was taken in late February. 
Note the cover still offered by stalks. 
Fig. C. Dead pheasant cock. Note ice over eyes and bill. The bird was found in 
this condition and position. 
Fig. D. Dead pheasants. This picture was taken after the ice had melted. Note 
how the bills were opened. When found, the bills were full of ice. 
PLATE IX 
Fig. ·A. Pheasant hen found frozen in strawstack. 
Fig. B. Pheasants found frozen in straw. Three hens and two cocks were found here. 
Fig. C. Evidence of crow work on frozen birds. The feathers scattered in this way 
greatly facilitated the finding of dead birds. 
Fig. D. Evidence of crow work. 
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BUCKLING LOADS FOR EDGE LOADED CLAMPED PLATES1 
DONALD H. ROCK 
From the Department of Mathematics, Iowa State College 
Accepted for publication March 1, 1938 
Although the problem of the stability of the clamped square plate has. 
been solved by various individuals, the general results for the rectangular 
plate have not been handled. This investigation is concerned with the ex-
tension to this latter case and to the case in which the plate is reinforced by 
the addition of two ribs. 
The method employed is the well-known energy approximation 
method of Ritz (1) and Timoshenko (2). 
THE ENERGY ~THOD 
The differential equation for the bending of the plate is replaced by 
the equivalent problem of minimizing the expression for the edge-loading 
N as a function of the strain energy of bending and the work of the ex-
ternal forces. If we denote by V the strain energy of bending: 
(1) V = DJJ{<v2w) 2 - 2 (1- v) [ 02w 02w -(~)2]} dxdy 
2 OX2 oy2 oxoy 
EI 
where D = --- , and by T the work of the external forces: 
l-v2 
(2) T = ~f J (Vw) 2dxdy, 
where N is the force per unit edge length, then the condition for the exis-
tence of equilibrium is T = V. Hence we may write for N: 
(3) 
ff{ [ 02w 02w ( 02w )2] } D (\7 2w) 2-2(1-v) --0 --- -- dxdy 
N = ox· oy 2 oxoy J J (\7w) 2dxdy 
In order to obtain the critical value for N by Ritz's method we assume 
a form for w: , 
(4) Wn = lCnc/>n 
1 A thesis submitted to the Graduate Faculty of Iowa State College in partial ful-
fillment of requirements for the degree of Master of Science, June, 1937. This investi-
gation was supported by the Industrial Science Research Fund. 
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where the </>n satisfy the boundary conditions </> = 0 and ~ = 0 on the 
on 
contour, and the c0 are undetermined parameters. The problem is reduced 
then to minimizing equation (3) with respect to the parameters c0 after 
the above form of w is inserted. This yields n linear homogeneous equa-
tions from which the desired solution for N is obtained. 
In order to facilitate the work of computation, w is chosen in the 
following way: 
(5) Wo = l.l.AmoUm (x) Vo (y) 
where 
x x 
Cosh kmCOS km - - COS km cosh km -
(6) a a Um (x) = --------------
Va V cosh2 km + cos2 km 
with v0 a similar function in y with a replaced by b (2a is the length, 2b the 
width, of the plate). The functions u (x) and v (y) are selected as above 
because they represent a symmetric form for the deflection of the plate. 
The k's are determined from the equation: 
(7) tanh k + tan k = 0. 
It will be seen on inspection that these functions satisfy the boundary 
conditions, and further that they are orthogonal in their respective regions. 
That is: 
(8) f~m (x)up(x)dx = 0 (m #p), f~0 (y)vq (y)dy = 0 (n # q). 
~ ~ 
If now the minimization of equation (3) with respect to the Amn is 
carried out, certain type integrals occur which are listed in table 1. 
TABLE 1. Type integrals 
f" {O, m#p Um (x) Up (x) dx = l _ ' 
,m-p f a { O,m#p Um" (x)up'' (x) dx = k~4 , m = p' 
~ a 
-a 
f " a 4 (Um"' (x)up"(x)- Um" (x)up"'(x)] a Wmp (x) = Um" (x) Up (x) dx =_.:....__.:....___:. _________ I 
- a km4 - k p4 - a 
Wpm (x) = f ~m (x) U p11 (x) dx = Wmp (x), 
- II 
wmm (x) = .r~m" (x) um (x) dx 
- a 
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- km2 (cosh2 km COS2 km)+ 2km cosh2 km cos2 km tanh km 
a2 (cosh2 km+ cos2 km) 
Ump (x ) = f ~m' (x) Up' (x ) dx = - <.Omp (x), <.Omo (x) = OJ0m (x) = 0 , 
- a 
Umm (x) = f ~m' (x) Um' (x) dx = - <.Omm (x), Umo(x)= U0m(x)= 0, 
-a 
(These apply also to v (y) with a replaced by b.) 
THE RECTANGULAR CLAMPED PLATE 
Let the plate be bounded by x = -+- a, y = -+- b. If the notation of 
table 1 is employed, the set of equations to be solved after application of 
the minimizing conditions is: 
(7) , , 
+ ~ [ l Apn<.Omp (x) + ~ AmqOJnq (y)] = 0, 
a 2 P q 
a 2N 
where J.. = -- . Here m and n take all even positive integral values. 
D 
For the second approximation for which m and n take the values 2 
and 4 the following results were obtained for various values of the plate 
. b 
ratio P =-: 
a 
(8) 
1.0 1.5 2.0 3.0 4.0 
13.20 10.28 9.80 8.75 8.54 
THE REINFORCED CLAMPED PLATE 
As before we let the plate be bounded by x = ± a, y = ± b. At 
x = -+- ~ we insert two stiffeners. The equation of equilibrium is now: 
3 
(9) V + lV1 = T + lT,, 
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where V 1 is the strain energy of bending the ith rib, and T1 is the work 
done during buckling by the compressive force P1 acting on the ith rib. 
These are (3): Jb B 1 <FW z V 1=- (-2 ) dy, 2 - b cly 
x=a/3 
(10) Jb P1 ow 2 Ti=- (-) dy, 
2 -b cly 
X= a/3 
where B 1 is the rigidity of the ith rib. 
The equation for N is then: 
(11) N 
D 
b JJ{ (\72w)2-2(1-v) [ o2w o2w -(~ 
clx2 cly2 clxoy r1} dxdy+2y J( :; r dy 
-b I = 0/~ 
p B 
where () = - and y = - . The ratio () measures, in the case con-
aN aD 
cerned, the ratio of the width of the stiffener to the length of the plate, 
while y is the ratio of the rigidities. 
The minimization of equation (11) with respect to the Arnn leads to 
the system of equations: 
(12) Arnn - + - + 2 ::S l ApqWmp (x) Wnq (y) ( km4 kn4 ) 
a• b4 P q 
+ _n ayum (a/3) l ApnUp (a/3) + - l ApnWmp (x) + l AmqWnq (y) k 4 A. [ b4 P a2 v q 
+ a<>um (a/3) l l ApqUp (a/3) W0 q (y)] = 0. 
J1 q 
The A.'s resulting from the second approximation for various values 
of~.(), and y are given in table 2. 
TABLE 2. The X's resulting from the second approximation 
y=2 y=5 y=lO 
~ () = 0.1 () = 0.2 () = 0.1 () = 0.2 () = 0.1 () = 0.2 
1.0 19.88 19.25 30.57 27.94 33.01 29.25 
1.5 36.37 36.12 37.69 37.68 37.93 37.93 
2.0 45.48 45.48 45.50 
--· 
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CONCLUSIONS 
The buckling load for the square plate has been caluculated by various 
investigators. Their results are shown below. 
Sezawa (4) /.. = 5.61 
Taylor (5) /.. > 5.30 
Weinstein (6) 5.304 < /.. < 5.312 
Trefftz (7) 5.30 < /.. < 5.32 
Faxen (8) /.. = 5.305 
The result obtained in this investigation is 13.20 which, when multi-
4 plied by the conversion factor - , becomes 5.35. This is seen to be in good 
:n:2 
agreement with the previously obtained results. Timoshenko has shown 
the value of/.. for the infinitely long clamped plate to be 8.388. The values 
of/.. in table 1 approach this value very rapidly. · 
The author wishes to make acknowledgement to Dr. D. L. Holl for his 
guidance in the course of this investigation. 
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A FLORA OF WINNESHIEK AND ALLAMAKEE COUNTIES AND 
CLAYTON COUNTY IN THE VICINITY OF McGREGOR 
WILLIAM L. TOLSTEAD 
From the Department of Botany, Iowa State College 
Accepted for publication March 1, 1938 
During the summer of 1933 an opportunity was afforded to collect and 
study the flora of the extreme northeastern part of Iowa1 • This flora is 
significant in its relation to the climate, the geological and glacial history 
of the region, and the resultant peculiar erosional topography and the 
soils. Though much of the original plant cover has been destroyed during 
75 years of occupancy by the white man, and many exotic species have 
been introduced, some representative spots remain along railroads, in un-
pastured meadows and in woods throughout the region. 
The collecting was done in Winneshiek and Allamakee counties, and 
in the vicinity of McGregor in Clayton County. These three counties lie 
in the Mississippi River Valley on the Minnesota border in the northeast-
ern corner of Iowa and together form a rectangular area embracing ap-
proximately 2,300 square miles. 
PHYSICAL ENVIRONMENT 
PHYSIOGRAPHY AND GEOLOGY 
Since the Cretaceous period the region has been subject to alternate 
rising and base-leveling as indicated by the Dodgeville and Lancaster 
peneplains and the rock bottoms of the ancient valleys which are one to 
two hundred feet below present-day valley levels. As thus evidenced, 
the drop from the highest to the lowest point in the region was greater in 
the past than it is at present. On account of the filling of the valleys, the 
present elevation ranges from 1300 feet above sea level in northern Winne-
shiek County to 670 feet near McGregor. This fall of 630 feet occurring 
over a distance of 50 miles results in relatively swift flowing rivers which 
in the past were probably swifter than they are now because of inequali-
ties in elevation greater than those of today. Water erosion has cut deep, 
narrow valleys, leaving broad, rolling, upland prairie divides. 
Three major drainage systems, flowing eastward to the Mississippi 
River, have developed. The Upper Iowa River, with a number of small 
tributaries, drains the northern parts of Winneshiek and Allamakee 
counties; the Yellow River, which rises in the southeastern part of Win-
neshiek County, drains the southern part of Allamakee County; and the 
Turkey River drains only the southwestern quarter of Winneshiek County. 
Along the eastern border of Allamakee County are several minor creeks 
which flow directly into the Mississippi River. 
On either side of the Mississippi Valley are narrow strips of steep 
and high rugged cliffs. Here the rock formations are exposed. They are 
chiefly limestones and dolomites, with a few formations of sandstones and 
1 Through the grant of a research fellowship at Iowa State College during 1933 
and 1934, the study was extended. 
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shales of minor importance. They are of the Cambrian, Ordovician, Silu-
rian and Devonian systems, the Cambrian rocks being exposed only along 
the Mississippi River Valley and the Devonian rocks in western and south-
western parts of Winneshiek County. 
During the Pleistocene, the area now included in Winneshiek and 
Allamakee counties was more or less affected by three periods of glacia-
tion and loess deposit. Glaciation was not severe in the eastern two-thirds 
of the region, where slight evidence leads early workers to call the region 
"non-glaciated." However, the work of Kay and Apfel (1929) has re-
vealed that probably all of the two counties, with the possible exception of 
the highest hilltops, was covered by the Nebraskan glacier, and since this 
early Pleistocene time the eastern two-thirds of the region probably has 
been free from glaciation. 
The second and third ice sheets to enter the region were the Kansan 
and the Iowan substage of the Wisconsin glacial age (Kay and Leighton, 
1933). These glaciers spread over the western part of Winneshiek County, 
leaving behind deposits of till, filling the valleys, and cutting down the 
steep hillsides. Thus the relatively level prairie topography typical of 
western Winneshiek County contrasts sharply with the less glaciated, hilly 
lands to the east. 
The flood waters from the melting Kansan and early Wisconsin 
(Iowan) glaciers deposited great banks of sand in the river valleys where 
· they remain today in the form of river terraces. During interglacial times 
the region was overlaid with a mantle of loess. Loess deposits are espe-
cially noticeable on the Kansan and "non-glaciated" areas. 
SOILS 
The soils of Winneshiek and Allamakee counties are derived largely 
from loess and glacial till. These original materials have undergone 
changes since their deposition. Organic matter has accumulated; oxida-
tion and leaching of soluble materials has taken place near the surface; 
and the materials have been subject to varying degrees of drainage. Ac-
cording to Marbut (1923) these processes have affected greater changes 
upon the soils as they exist today than have the original differences in the 
character of the parent material. 
The soils of the region are divided by Benton and Russell (1927) into 
light and dark colored soils, depending upon the amount of accumulated 
organic matter. The light colored soils are found in the hilly areas where 
good drainage prevails and where the microclimate favors a vegetation 
dominated by trees. Here decomposition of organic matter has been rapid. 
The dark colored soils developed on the rolling prairie lands where cli-
mate gave rise to a vegetation dominated by tall grasses. In these grass 
lands slow decomposition of accumulated organic matter has resulted in 
dark soils. Benton and Russell recognized two groups of dark soils; those 
which developed under poor drainage and those which developed under 
good drainage. 
CLIMATE 
Winneshiek and Allamakee counties are located in the cooler parts 
of Iowa, and have a shorter growing season, and a rainfall above the aver-
age for the state. The average annual precipitation at Decorah for a period 
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of 40 years prior to 1930 was 32.96 inches, 1.08 inches above the state 
average. For this period the following comparisons may be made: The 
rainfall at Keokuk, in southeastern Iowa, was 33.67 inches, and at Sioux 
City, in northwestern Iowa, 23.57 inches. The greatest rainfall occurs 
during the growing season and the average rainfall for the spring and 
summer months is 20.4 inches. May and June are normally the wettest 
months, and January the driest. The we~test season occurred in 1902 with 
a precipitation of 43.22 inches, the driest year was in 1933 with a precipi-
tation of 16.75 inches. 
Cold waves from the north bring winter temperatures far below zero. 
The lowest recorded temperature is -37° F., the highest is 108° F. The 
average annual temperature at Decorah is 45.7° F., at Keokuk 52.1° F., 
and at Sioux City 48° F. 
The average growing season without frost is shorter than in any other 
section of the state. At Decorah its duration is 140 days, at Keokuk 170 
days, and at Sioux City 148 days. The latest killing frost ever recorded 
at Decorah occurred June 8, and the earliest in the fall on August 30. The 
average date of the last spring frost is May 10 and the average date for 
the first frost in the fall is September 28. 
THE FLORA 
EARLY COLLECTIONS AND RECORDS 
The first ccllections of plants of Winneshiek and Allamakee counties 
were made during the last quarter of the nineteenth century by local 
people, among whom inay be mentioned E. W. Holway and Herbert God-
dard of Decorah, and Mrs. H. C. Carter of Hesper. Their collections were 
reported in annotated lists by Arthur (1876). 
The earliest work limited to the flora of this region is that of Macbride 
(1894) on the forest trees of Allamakee County. In 1896 Fitzpatrick and 
Barsch made a trip down the Upper Iowa River. The lists of Fitzpatrick, 
which also include a large number of records from other collectors, were 
published in 1898. During the summer of 1902 and 1903 Shimek made 
extensive collections throughout Winneshiek County. Lists of his collec-
tions, as well as those of Thomas E. Savage and others, were published in 
1906. As shown by specimens in the herbarium at Iowa State College, 
subsequent collections have been made by B. Shimek, L. H. Pammel, R. I. 
Cratty, Ada Hayden, C. M. King and others. Publications pertaining to 
the flora of the region have been made by Pammel (1905), Shimek (1904), 
Rosendahl and Butters (1929), and Cratty (1896 and 1898). 
PROCEDURE IN PRESENT WORK 
The present collection was begun during the spring and summer of 
1933. The major portion of the collection was done in the Upper Iowa 
River Valley, in the Mississippi River Valley near New Albin, Lansing, 
and McGregor, and on the prairie ridge from Ridgeway to Ossian. During 
the summers from 1934 to 1937 collecting trips were made to various parts 
of the region. The specimens were identified and compared with those in 
the herbarium at Iowa State College. Since the collection at the Univer-
sity of Iowa was not open for consultation while the present work was 
under way, it was impossible to inspect material which might have ap-
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plied to such a study as this. The mosses were verified by Dr. H. S. 
Conard, and certain doubtful specimens of seed plants were sent to Gray 
Herbarium and Arnold Arboretum for verification. 
In naming the plants the international rules of botanical nomenclature 
were followed. In naming the mosses, the usage of Grout (1903), (1933-
1937) was adopted; for the grasses, Hitchcock (1935) ; and for the other 
plants, the nomenclature of Gray's Manual (1908), except where revi-
sions require changes. The plant list is arranged as to families according 
to the Engler and Prantl system, but the genera and species are listed 
alphabetically. 
One set of specimens collected in this survey is deposited in the 
herbarium at Iowa State College, and another at Luther College, De-
corah, Iowa. 
ANNOTATED SYSTEMATIC LIST 
Division I. BRYOPHYTA 
Musci (The Mosses) 
POLYTRICHACEAE (Hair-cap Family) 
CATHARINEA ANGUSTATA Brid. 
Collected in open woods on south hillside near Upper Dam. Grow-
ing in sandy soil. 
PoLYTRICHUM JUNIPERINUM Willd. 
In open woods at Decorah in oak-hickory woods and at Eldorado in 
open woods on sandy ridge. Common throughout the region. 
DICRANACEAE (Dicranum Family) 
CERATODON PURPUREUS Hedw. Brid. 
Common throughout the region. A xeric form occurred on rocky 
areas on hilltop at Decorah and a mesic form in ditches along roads. 
DICRANUM SCOPARIUM (L.) Hedw. 
Collected near Decorah on south, shady hillside. 
GRIMMIACEAE (Grirnrnia Family) 
LEUCOBRYUM GLAUCUM (L.) $chimp. 
On south hillside in deep woods at Lower Dam in Upper Iowa River 
Valley. Growing on soil. 
TORTULACEAE (Tortula Family) 
BARBULA FALLAX Hedw. 
Collected near Decorah in linden-maple woods. 
DIDYMODON RUBELLUS (Hoffrn.) B. & X. 
Growing on calcareous rocks in linden-maple woods on south hill-
side at Decorah. 
FUNARIACEAE (Orthotrichum Family) 
FUNARIA HYGROMETRICA (L.) Sibth. 
On moist sandstone cliff on shady hillside near Upper Dam in Upper 
Iowa River Valley. 
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PHYSCOMITRIUM ACUMINATUM Bruch. and Schimp. 
On mud deposit in pasture after floods in Upper Iowa River Valley. 
PHYSCOMITRIUM Hookeri Hemp. 
Collected with the above species. 
TIMMIACEAE (Tlrnmia Family) 
TIMMIA CUCULLATA Michx. 
Timmia megapolitana Hedw. 
Collected near Decorah in Twin Springs Park. Growing on soil in 
moist, shady location. 
BARTRAMIACEAE (Bartramia Family) 
BARTRAMIA 0EDERI (Gunn.) Swtz. 
Plagiopus Oederi (Gunn.) Limpr. 
Collected in linden-maple woods near Decorah. Growing on humus 
soil on calcareous rocks. 
BARTRAMIA POMIFORMIS (L.) Hedw. 
Collected at Decorah on moist, shady bank. Growing on humus soil 
over calcareous rocks. 
BRYACEAE (Bryum Family) 
MNIUM CUSPIDATUM (L.) Leyss. 
In linden-maple woods on moist soil in Glenwood township in Win-
neshiek County. 
MNIUM MEDIUM B. & s. 
In linden-maple woods near Decorah in swampy areas. 
RHODOBRYUM ROSEUM (Weis.) Schreb. 
In fruit on humus soil over calcareous talus on south, shaded, moist 
hillside in open woods near Decorah. 
HYPNACEAE (Hypnum Family) 
ANOMODON ATTENUATUS (Schreb.) Hueben. 
On limestone rocks in linden-maple woods at Decorah. 
ANOMODON MINOR (P. Beauv.) Lindberg. 
Growing on log in linden-maple woods in Canoe Creek Valley. 
ANOMODON ROSTRATUS (Hedw.) Schimp. 
Growing on limestone rock talus along Dugway Road at Decorah 
in moist shaly location. 
AMBLYSTEGIUM mRIGUUM (Wils.) B. & S. 
Hygroamblystegium irriguum (Wils.) Loeske 
Along edge of creek on rocks in Canoe Creek Valley. 
AMBLYSTEGIUM VARIUM (Hedw.) Lindb. 
Collected in open woods near Eldorado on sandy soil on hilltop 
above river. Associated with Polytrichum juniperinum. 
BRACHYTHECIUM ACUMINATUM (Hedw.) Kindb. 
Chamberlainia acuminata (Hedw.) Grout 
Growing on old stump in woods in Pleasant Twp. 
BRACHYTHECIUM OXYCLADON (Brid.) J. & S. 
On calcareous rocks on south hillside west of Decorah. 
BRACHYTHECIUM OXYCLADON DENTATUM (L. & J.) Grout 
On old log in woods near Decorah. 
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CALLmRGON ScHREBERI Willd. 
Calliergonella Schreberi (Willd., Br. & Sch.) Grout 
In woods near Decorah. 
CLIMACIUM AMERICANUM Brid. 
In swamp areas at small springs, in Upper Iowa River Valley. Com-
monly forming a dense mat of vegetation on calcareous rocks. 
ENTODON CLADORRHIZANS (Hedw.) c. Muell. 
Growing on old log in woods near mouth of Canoe Creek. 
HYLOCOMIUM SPLENDENS (Hedw.) Grout. 
Hylocomium proliferum (L.) Lindb. 
On limestone talus on moist, shady hillsides in linden-maple woods 
near Upper Dam. 
HYPNUM CURVIFOLIUM Hedw. 
HYPNUM HALDANIANUM Grev. 
Heterophyllum Haldanianum Grev. 
Above two species were collected in linden-maple woods near De-
corah. 
PLATYGYRIUM REPENS (Brid.) B. & S. 
On log in woods. 
RHYTIDIUM RUGOSUM (Ehrh.) Kindb. 
On limestone cliff on south, shady hillside at Bluffton. 
RHYTIDIADELPHUS TRIQUETUS L. (Hedw.) Warnst. 
Hylocomium triquetum (L.) B. & S. 
South hillside, linden-maple woods east of Decorah. 
Division II. PTERIDOPHYTA 
POLYPODIACEAE (Fern Family) 
AnIANTUM PEDATUM L. Maidenhair Fern. 
Common in linden-maple woods throughout the area. 
ATHYRIUM ACROSTICHOIDES (Sw.) Diels. Silvery spleenwort. See Rhodora 
21: 173. 
Asplenium acrostichoides Sw. 
In linden-maple woods at mouth of Canoe Creek and two miles 
south of Lansing. Rare. 
ATHYRIUM ANGUSTUM (Willd.) Presl. Upland Lady Fern. See Rhodora 
19: 190. 1917. 
Asplenium Filix-femina (L.) Bernh. in part 
Common in woods, especially in the upland oak woods. 
CAMPTOSORUS RHIZOPHYLLUS (L.) Link. Walking Fern. 
On calcareous rocks and cliffs where humus and mosses have ac-
cumulated. Found only in linden-maple woods on protected hillsides. 
CHEILANTHES FEEI Moore. Slender Lip Fern. 
On limestone cliffs on sunny hillsides in Allamakee County in the 
Upper Iowa River Valley. Rare. 
CRYPTOGRAMMA STELLER! (Gmel.) Prantl. American Rock-brake. 
In moist crevices on limestone cliffs in linden-maple woods. Col-
lected at Decorah and Lower Dam. 
CvsTOPTERIS BULBIFERA (L;) Bernh. Bladder Fern. 
Filix bulbifera (L.) Underwood. 
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Common in linden-maple woods, growing in humus soil overlaying 
limestone rocks, especially on talus slopes below limestone cliffs on 
south, protected hillsides. 
CYSTOPTERIS FRAGILIS (L.) Bernh. Brittle or Fragile Fern. 
Filix fragilis (L.) Gilib. 
In moist woods; not as common as the above species. 
0NOCLEA SENSIBILIS L. Sensitive Fern. 
In swamp north of Freeport, and in upland woods near Bluffton 
and in Mississippi River Valley woods at Marquette. 
PELLAEA GLABELLA Mett. Cliff Brake. 
See Rydberg, Flora of the Prairies and Plains of Central North 
America. 
Common on limestone cliffs on both shady and sunny hillsides. 
PoLYPODIUM VIRGINIANUM L. Common Polypody. 
See Rydberg, Flora of the Prairies and Plains of Central North 
America. See Rhodora 24: 141. 1922. 
Collected only in the Mississippi River Valley on stones and cliffs 
on moist, wooded hillsides. 
PoLYSTICHUM ACROSTICHOIDES (Michx.) Schott. Christmas-fern. 
In linden-maple woods two miles south of Lansing on Mississippi 
Valley hillsides. No fruiting fronds were seen when collected in 
July. Rare. 
PTERETIS NODULOSA (Michx.) Nieuwl. Ostrich Fern. 
Not Onoclea Struthiopteris (L.) Hoff. of Gray's manual. See Am. 
Midland Nat. 4: 334, 1916; Rhodora 17: 161-164, 1915; and Rhodora 
21: 178, 1919. 
On alluvial soil in open woods along Canoe Creek. 
PTERIDIUM LATIUSCULUM (Desv.) Maxon. Bracken Fern. 
Pteris aquilina L. of Gray's manual. See Am. Fern Journal 9: 43. 
1919. 
Common in upland oak woods. Especially abundant in recently cut-
over or burned-over land. 
Tm:LYPTERIS GoLDIANA (Hook.) Nieuwl. Goldie's Fern. 
Aspidium Goldianum Hook. of Gray's Manual 
Dryopteris Goldiana (Hook.) Gray 
The generic name Thelypteris, in place of either Aspidium or Dry-
opteris, is adopted here. See Nieuwland Am. Midland Nat. 1: 226, 1910; 
and to it is united the genus Phegopteris. See Weatherby, Rhodora, 
21: 179. 1919. 
In linden-maple woods along Canoe Creek in Winneshiek County, 
and on west hillside of Mississippi River Valley two miles south of 
Lansing. Rare. 
THELYPTERIS HEXAGONOPTERA (Michx.) Weatherby. Broad Beech-fern. 
Phegopteris hexagonoptera (Michx.) Fee. 
In linden-maple woods at mouth of Yellow River in Allamakee 
County. Rare. 
Tm:LYPTERIS RoBERTIANA (Hof&n.) Slosson. Scented Oak-fern. 
Phegopteris Robertiana (Hoffm.) A. Br. 
Found at Decorah and Bluffton on humus soil overlying calcareous 
rocks on shady locations. 
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THELYPTERIS PALUSTRIS Schott. var. PUBESCENS (Lawson) Fernald. Marsh 
Shield Fern 
Dryopteris Thelypteris (L.) A. Gray 
Aspidium Thelypteris Sw. 
On prairie lowlands one mile east of Ridgeway along the Milwaukee 
Railroad. Rare. 
THELYPTERIS SPINULOSA (0. F. Muller) Nieuwl. Spinulose Shield-Fem. 
Aspidium spinulosum (0. F. Muller) Sw. 
In woods of Canoe Creek Valley, especially around old decayed 
logs. 
WoonsIA ILVENSIS (L.) R. Br. Rusty Woodsia. 
Collected in Winneshiek County by Dr. John L. Lewis, I.S.C. 24, 529. 
WooDSIA OBTUSA (Spreng.) Torr. Blunt-lobed Woodsia. 
At Upper Dam in Upper Iowa River Valley in moist humus soil on 
wooded hillside. 
WoonsIA scoPULINA D. C. Eaton. Rocky Mountain Woodsia. 
At Decorah on calcareous cliff on shady south hillside. This is the 
only specimen of this species in I. S. C. Herbarium. Collections pre-
viously reported were found to be W oodsia oregana D. C. Eaton. 
OSMUNDACEAE (Flowering Fern Family) 
OsMUNDA CLAYTONIANA L. Clayton's Fern 
Common in large colonies in woods throughout the region. 
OPHIOGLOSSACEAE (Adder's Tongue Family) 
BoTRYCHIUM TERNATUM (Thunb.) Sw., var. INTERMEDIUM D. C. Eaton. 
Ternate Grape Fern. 
On prairie along Milwaukee railroad one mile east of Ridgeway 
and on sandy river terrace one mile south of Freeport. 
BoTRYCHIUM VIRGINIANUM (L.) Sw. Virginia Grape Fern. 
Scattered in deep woods throughout the region. 
SALVINIACEAE (Salvinia Family) 
AzoLLA CAROLINIANA Willd. Carolina Azolla. 
I. S. C. Herbarium 16,661. Collected at Lansing by Charlotte M. 
King, Aug. 19, 1901. 
EQUISETACEAE (Horsetail Family) 
EQUISTUM ARVENSE L. Field Horsetail. 
Common in fields and waste places. 
EQUISETUM LIMOSUM L. Swamp Horsetail. See Rhodora 32: 45. 1921. 
Equisetum fluviatile L. 
In muddy slough one mile south of Lansing. 
EQUISETUM HYEMALE L., var. ROBUSTUM (A. Br.) A. A. Eaton. Scouring 
Rush. 
On banks of Upper Iowa River and sloughs in Mississippi River 
Valley. 
LYCOPODIACEAE (Club Moss Family) 
LYCOPODIUM COMPLANATUM L . Trailing Christmas-green. 
I. S. C. Herbarium 104,201. Collected by C. Trower, June 4, 1925, 
at McGregor. 
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LYCOPODIUM LUCIDULUM Michx. Shining Club-moss. 
I. S. C. Herbarium 113,162. Collected in Allamakee County by 0. 
C. Schultz in July, 1924; Ada Hayden, Sept. 13, 1937. 
SELAGINELLACEAE (Selaginella Family) 
SELAGINELLA RUPESTRIS (L.) Spring. Rock Selaginella. 
On sandy hillside of river terrace in shady locations; four miles 
west of New Albin in Upper Iowa River Valley. 
Division III. SPERMATOPHYTA 
Subdivision I. Gymnospermae 
TAXACEAE (Yew Family) 
TAxus CANADENSIS Marsh. American Yew. 
Common in moist woods on calcareous cliffs and talus. 
PINACEAE (Pine Family) 
ABms BALSAMEA (L.) Mill. Balsam Fir. 
On steep limestone cliffs on south, shady hillside across river from 
village of Bluffton. A large grove of trees about one-half mile long. 
JUNIPERUS COMMUNIS L. Creeping Juniper. 
On rocky, sunny hillsides in Upper Iowa River Valley. Common 
locally. 
JUNIPERUS VIRGINIANA L. Red Cedar. 
On limestone cliffs and rocky hillsides throughout the Upper Iowa 
River Valley. Often coming up on areas from which the oak and 
hickory trees have been cut. More common than Juniperus com-
munis. 
PINus STROBUS L. White Pine. 
Growing along Upper Iowa River on calcareous cliffs and well-
drained, rocky, shallow soils. 
Several species of exotic gymnosperms are grown and planted in 
lawns. Among them are: 
LARIX LARICIN A (Du Roi) Koch. American Larch. 
LARIX DECIDUA Mill. European Larch. 
PxcEA ABIES (L.) Karst. Norway Spruce. 
PxcEA CANADENSIS (Mill.) BSP. Canadian Spruce. 
PINus MONTANA Mill. Mountain Pine. 
PINUs SYLVESTRIS L. Scotch Pine. 
TuuJA OCCIDENTALIS L. American Arbor-vitae. 
PsEUDOTSUGA TAXIFOLIA Brit. Douglas Fir. 
Subdivision II. Angiospermae 
Class 1. MONOCOTYLEDONEAE 
TYPHACEAE (Cat-tail Family) 
TYPHA LATIFOLIA L . Broad-leaved Cat-tail. 
Common in swampy areas, especially in the Mississippi River Val-
ley; occasionally on upland prairie swamps and one of the first plants 
to invade a newly formed pond or low, moist spot. 
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SPARGANIACEAE (Bur-reed Family) 
SPARGANIUM EURYCARPUM Engelm. Broad-fruited Bur-reed. 
Common in swamps and edges of sloughs in Mississippi River Val-
ley. 
ALISMACEAE (Water-plantain Family) 
ALISMA SUBCORDATUM Raf. American Water-plantain. 
See Arkiv. f. Bot. 24A7 : 19. 1932. 
Alisma Plantago-aquatica of Am. Auth. in part, not L. 
Along shores of sloughs and in swamps in Mississippi River Valley. 
SAGITTARIA LATIFOLIA L. Broad-leaved Arrowhead. 
Common in swamps, sloughs, and along shores of rivers through-
out the region. A narrow leaved form was found at Fort Atkinson. 
GRAMINEAE (Grass Family) 
TRIBE FESTUCEAE 
BROMUS CILIATUS L. Ciliated Brome Grass. 
I. S. C. Herbarium 96,484. Collected by L. H. Pammel at McGregor 
in July, 1919. 
BROMUS INERMIS Leyss. Smooth Brome Grass. 
Common weedy plant along roadsides and waste places. 
BRoMus KALMII A. Gray. Kalm's Brome Grass. 
Collected at McGregor in upland woods; Allamakee County, seven 
miles south of New Albin. 
BROMUS LATIGLUl\fiS (Shear) Hitchc. Broad-glumed Brome Grass. 
In moist woods in Upper Iowa River Valley, in alluvial soil. Not 
common. 
BRoMus PURGANS L. Woodland Brome Grass. 
Frequent in linden-maple woods near Decorah. 
BROMUS TECTORUM L. Downy Brome Grass. 
Very common weedy plant in disturbed areas. 
DACTYLIS GLOMERATA L. Orchard Grass. 
Common weed in lawns and waste places. European. 
ERAGROSTIS CILIANENSIS (All.) Link. Stinkgrass. Candy Grass. 
A weedy annual species in disturbed areas. 
ERAGROSTIS FRANKII C. A. Meyer. Frank's Love-grass. 
On banks of small creek near New Albin. 
ERAGROSTIS HYPNOIDES (Lam.) BSP. Smooth Creeping Love-grass. 
Along banks of dried sloughs in Mississippi River Valley. 
ERAGROSTIS PECTINACEA (Michx.) Nees. Purple Love-grass. 
In sandy soil on river terrace in Upper Iowa River Valley near 
New Albin and Freeport. 
ERAGROSTIS PILOSA (L.) Beauv. Small Tufted Love-grass. 
Collected on sandy river terrace near Freeport. 
ERAGROSTIS SPECTABILIS (Pursh) Steud. Purple Love-grass. 
On sandy river terrace one-half mile south of Freeport. 
FESTUCA ELATIOR L. 
I. S. C. Herbarium 141,359. Collected at McGregor by Jesse Fults, 
July 1, 1934. 
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FESTUCA OBTUSA Spreng. Nodding Fescue. 
Festuca nutans Spreng. 
In linden-maple woods at Decorah and McGregor. 
GL YCERIA GRANDIS S. W ats. American Mannagrass. 
In swamp south of Lansing in Mississippi River Valley. 
GLYCERIA STRIATA (Lam.) Hitchc. Fowl Mannagrass. 
In swamp near Lower Dam. 
MELICA NITENS (Scribn.) Nutt. Three Flowered Melic Grass. 
In open woods on rocky hillside in Hanover Township in Alla-
makee County. Rare. 
PHRAGMITES COMMUNIS Trin. Common Reed Grass. 
Found at Lansing in lowlands along slough. 
PoA COMPRESSA L. Canada Bluegrass. 
In lawns at Decorah. 
PoA PRATENSIS L. Kentucky Bluegrass. 
Common dominant grass throughout the region. 
TRIBE HORDEAE 
AGROPYRON REPENS (L.) Beauv. Quackgrass. 
Common grass throughout the region; often becoming a pest in 
fields. 
AGROPYRON PAUCIFLORUM (Schwein.) Hitchc. Slender Wheat Grass. 
A. tenerum Vasey. 
Found at Decorah and McGregor. 
AGROPYRON SMITHII Rydb. 
Occurs in well drained, sandy areas along railroad tracks at De-
corah and McGregor. 
ELYMUS CANADENSIS L. Canada Wild Rye. 
Collected at Decorah in open woods on rocky calcareous soil and 
near Union City in valley woods. 
ELYMus CANADENSIS L. var. ROBUSTUS (Scribn. and Smith.) Mackenz. and 
Bush. Robust Canada Wild Rye. 
Common on upland prairies at Calmar, Ridgeway and in Mississippi 
Valley on sandy soil near New Albin. 
ELYMUS VIRGINicus L. Virginia Wild Rye. 
In woods at Lower Dam in Upper Iowa River Valley. 
ELYMUS VILLosus Muhl. Slender Wild Rye. 
Elymus striatus of Am. Auth. not Willd. 
Common in valley woods. 
HoRDEUM JUBATUM L. Foxtail Barley. 
Common weedy plant along roadsides, gardens, and lawns. 
HYSTRIX PATULA Moench. Bottlebrush. 
Collected in open woods at Decorah, at mouth of Yellow River in 
Allamakee County, and at McGregor. 
TRIBE A VENEAE 
AVENA FATUA L. Wild Oat Grass. 
In oat fields of the region. 
DANTHONIA SPICATA (L.) Beauv. Poverty Oat-grass. 
Collected in upland oak woods at McGregor. 
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KoELERIA CRISTATA (L.) Pers. Junegrass. 
Common grass on prairie grasslands throughout the region. 
SPHENOPHOLIS INTERMEDIA (Rydb.) Rydb. Slender Wedge-grass. 
In linden-maple woods on hillside at McGregor. 
TRIBE AGROSTIDEAE 
AGROSTIS ALBA L. Redtop. 
Common introduced grass growing throughout region in fields, 
roadsides, lawns, and waste places. 
AGROSTIS HIEMALIS (Walt.) BSP. Ticklegrass. 
On sandy soil on river terrace one-half mile south of Freeport, and 
on St. Peter sandstone debris at McGregor. 
AGROSTIS PERENNANS (Walt.) Tuckerm. Autumn Bent. 
I. S. C. Herbarium 96,871. Collected by L. H. Pammel near Mc-
Gregor August 20, 1920. 
AaISTIDA BASmAMEA Engelm. Forked Triple-awned Grass. 
On sandy soil in Mississippi River Valley and on sandy river ter-
races in Upper Iowa River Valley near New Albin. 
ARISTIDA OLIGANTHA Michx. Prairie Three-awned Grass. 
On dunes and in Upper Iowa River Valley near New Albin. 
BRACHYELYTRUM ERECTUM (Schreb.) Beauv. 
I. S. C. Herbarium 141,341. Collected by Jesse Fults near Mc-
Gregor, July 1, 1934. 
CALAMAGROSTIS CANADENSIS (Michx.) Beauv. Blue-joint. 
In swamp meadow one mile south of Lansing in Mississippi River 
Valley. 
CINNA ARUNDINACEA (Michx.) Beauv. Stout Woodreed. 
Along banks of small stream near Fort Atkinson. 
MUHLENBERGIA CUSPIDATA (Torr.) Rydb. Plains Muhly. 
Collected on top of wind swept hill along highway between Decorah 
and Calmar. Shallow soil above limestone rock. 
MuHLENBERGIA FOLIOSA (Roem. and Schult.) Trin. Foliose Muhly. 
Along the Milwaukee railroad at New Albin, Allamakee County, 
Sept. 10, 1934. 
MUHLENBERGIA MEXICANA (L.) Trin. Wirestem Muhly. 
In ditch along road on prairie one mile west of Calmar. 
MUHLENBERGIA RACEMOSA (Michx.) BSP. Marsh Muhly. 
Common on prairie at Calmar and Ridgeway. 
MUHLENBERGIA ScHREBERI Gmel. Nimblewill. Schreber's Muhly. 
In open woods in Upper Iowa River Valley four miles west of 
New Albin. 
MuHLENBERGIA SYLVATICA Torr. Wood Muhly. 
I. S. C. Herbarium 141,369. Collected by Jess Fults near McGregor, 
July 1, 1934. 
0RYZOPSIS RACEMOSA (J.E. Smith) Ricker. Ricegrass. 
In linden-maple woods near Bluffton and McGregor. 
PHLEUM PRATENSE L. Timothy. 
Common escape from cultivation, in fields, roadsides, and waste 
places. 
SPOROBOLUS ASPER (Michx.) Kunth. Long-leaved Dropseed. 
On sandy soil along Milwaukee Railroad at New Albin. 
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SPOROBOLUS CRYPTANDRUS (Torr.) A. Gray. Sand Dropseed. 
Common on sandy river terraces in Upper Iowa River Valley in 
Allamakee County and in the Mississippi Valley. 
SPOROBOLUS HETEROLEPIS A. Gray. Prairie Dropseed. 
On prairie along Milwaukee Railroad one mile west of Calmar; 
growing with Big and Little Blue Stem and Needle-grass. 
SPOROBOLUS VAGINIFLORUS (Torr.) Wood. Sheathed Dropseed. 
A weedy grass on newly disturbed soil along roads near Ridgeway 
and New Albin. 
STIPA SPARTEA Trin. Porcupine Grass. 
Common grass on prairies between Calmar and Ridgeway along 
Milwaukee Railroad. Growing with Koeleria cristata, Andropogon 
furcatus and Andropogon scoparius. 
TRIBE CHLORIDEAE 
BouTELOUA CURTIPENDULA (Michx.) Torr. Side-oats Grama Grass. 
Common grass on well drained soils on steep valley hillsides and 
prairie ridges. 
BouTELOUA HIRSUTA Lag. Hairy Grama Grass. 
On sandy river terraces in the Upper Iowa River Valley. In cer-
tain locations a dominant grass. 
SPARTINA PECTINATA Link. Prairie Cordgrass. 
Spartina Michauxiana Hitchc. 
In swampy lands on upland prairies and Mississippi River Valley. 
Common grass of low moist lands. 
TRIBE PHALARIDEAE 
PHALARIS ARUNDINACEA L. Reed Canary Grass. 
In swampy land on prairie near Ridgeway and in Mississippi River 
Valley swamps. 
TRIBE ORYZEAE 
LEERSIA LENTICULARIS Michx. Catchfly Grass. 
I. S. C. Her barium 107 ,945. Collected by L. H. Pammel along Y el-
low River in Allamakee County, August 10, 1922. 
LEERSIA ORYZOIDES (L.) Swartz. Rice Cutgrass. 
Common in swamp one mile north of Freeport and above the Lower 
Dam in the Upper Iowa River Valley. 
LEERSIA VIRGINICA Willd. White Grass. 
In swamp north of Freeport. Not common. 
TRIBE ZIZANIEAE 
ZIZANIA AQUATICA L. Annual Wild Rice. 
In swampy land along slough at New Albin. 
TRIBE PANICEAE 
CENCHRUS PAUCIFLORUS Benth. Sandbur. 
Common in fields and waste places in sandy soil. 
DrGITARIA SANGUINALIS (L.) Scop. Crabgrass. 
Common weed in fields, gardens, and waste places. 
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EcHINOCHLOA CRUSGALLI (L.) Beauv. 
Common weed in fields and gardens. 
LEPTOLOMA COGNATUM (Schult.) Chase. Fall Witch Grass. 
A weedy plant on sandy soil of river terraces in Upper Iowa River 
Valley. 
P ANICUM CAPILLARE L. Witch-grass. 
A weedy plant in gardens and waste places. 
p ANICUM DICHOTOMIFLORUM Michx. Fall Panicum. 
I. S. C. Herbarium 9,537. Collected in Winneshiek County by G. W. 
Carver. 
PANICUM HUACHUCAE Ashe. Hairy Panic Grass. 
Collected on prairie near Ossian. 
P ANICUM IMPLICATUM Scribn. Slender-stemmed Panic Grass. 
Rare in open woods in Upper Iowa River Valley four miles west 
of New Albin. 
PANICUM LATIFOLIUM L. Broad-leaved Panic Grass. 
At Lower Dam and McGregor in open woods. 
PANICUM LEIBERGII (Vasey) Scribn. Leiberg's Panic Grass. 
Common on prairies between Calmar and Ridgeway. 
PANICUM PERLONGUM Nash. Long-stalked Panic Grass. 
Collected near New Albin on sandy soil along Milwaukee Railroad. 
Rare. 
PANICUM DEPAUPERATUM Muhl. 
Collected near McGregor on Pike's Peak; in sandy soil and in open 
woods. 
PANICUM PRAECOCIUS Hitchc. and Chase. Early Branching Panic Grass. 
On prairie near Calmar. 
PANICUM ScRIBNERIANUM Nash. Scribner's Panic Grass. 
Common on prairies between Calmar and Ridgeway. 
PANICUM VIRGATUM L. Switch Grass. 
Common on prairie grasslands throughout the region. Dominant on 
dune area on Upper Iowa River terrace. 
PASPALUM STRAMINEUM Nash. Straw-colored Paspalum. 
In sandy soil on river terrace in Upper Iowa River Valley in Alla-
makee County. 
SETARIA LUTESCENS (Weigel.) F. T. Hubbard. Yellow Foxtail. 
Setaria glauca (L.) Beauv. Rh. 18: 232. 1916. 
SETARIA VIRIDIS (L.) Beauv. Green Foxtail Grass. 
Both of the above species of Setaria are common weedy plants in 
disturbed areas throughout the region. 
SETARIA VERTICILLATA (L.) Beauv. Foxtail Grass. 
Collected in garden at Decorah. Not common. 
TRIBE ANDROPOGONEAE 
ANDROPOGON FURCATUS Muhl. Big Blue Stem Grass. 
See Hitchcock, A. S., Man. of Grasses of the U. S. Dept. Agri., 
Mis. Pub. 200: 490. 1935; and Fernald, M. L., and L. Griscom, Rh. 
37: 146. 1935. 
Andropogon provincialis Lam. 
Very common, dominant grass on the prairie lands throughout the 
region. 
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ANDROPOGON scoPARIUS Michx. Little Blue Stem Grass. 
On prairie ridges and steep hillsides throughout the region. Com-
monly associated with Bouteloua curtipendula. 
SoRGHASTRUM NUTANS (L.) Nash. Indian Grass. 
On prairies in habitats similar to Andropogon furcatus, but not as 
abundant. 
CYPERACEAE (Sedge Family) 
CAREX ALBURSINA Sheldon. White Bear Sedge. 
In herbaceous layer of linden-maple woods. Common. 
CAREX ASSINIBOINENSIS W. Boott. Assinioboia Sedge. 
Collected in linden-maple woods at Decorah. 
CAREX BLANDA Dewey. Woodland Sedge. 
Common in linden-maple woods throughout the region. 
CAREX BEBBil Olney. Bebb's Sedge. 
I. S. C. Herbarium 87,562. Collected by Goddard in Winneshiek 
County, August 1, 1899. 
CAREX BREVIOR (Dewey) Mackenzie. Fescue Sedge. 
See Am. Midi. Nat. 4: 235. 1915. 
Carex molesta Mack. 
Carex festucacea var. brevior (Dewey) Fernald. 
Collected on prairie near Calmar. 
CAREX CEPHALOPHORA Muhl. Oval-headed Sedge. 
Collected. in Pulpit Rock Park, Decorah, in open woods. 
CAREX CONVOLUTA Mackenzie. Convolute Sedge. 
See Bull. Torr. Bot. Club 43: 428. 1916. 
Carex rosea of auth. not Schkuhr. 
I. S . C. Herbarium 43,938. Collected by Holway at Decorah, May 
29, 1881; I. S. C. Herbarium 77,988. Collected by Pammel at Post-
ville, June 22, 1918. 
CAREX EBURNEA Boott. Bristle-leaved Sedge. 
On south hillside in open woods along Dugway road at Decorah. 
On moist, cool rocks and rocky soil. 
CAREX GRAVIDA Bailey. Heavy Sedge. 
I. S. C. Herbarium 71,4 7 4. Collected in Winneshiek County by 
Herbert Goddard. 
CAREX GRISEA Wahl. Gray Sedge. 
In linden-maple woods at Decorah. 
CAREX HmTIFOLIA Mackenzie. 
I. S. C. Herbarium 140,983. Collected by Holway on wooded hill-
side at Decorah, June 2, 1901. 
CAREx HYSTERICiNA Muhl. Porcupine Sedge. 
Common in swampy land, especially at springs. 
CAREx LAEVICONICA Dewey. 
In swamps in Mississippi River Valley near New Albin. 
CAREX LANUGINOSA Michx. Woolly Sedge. 
In swampy places at Lower Dam and on prairie near Calmar. 
CAREx SPRENGELil Dewey. Long-beaked Sedge. 
Carex longirostris Torr. 
See Mackenzie, K. K., North Am. Flora 18: 298. 1935. 
Common in linden-maple woods at Decorah and Lower Dam. 
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CAREX LUPULINA Muhl. Hop Sedge. 
In swampy land in Mississippi River Valley south of Lansing and 
at McGregor. 
CAREX MUSKINGUMENSIS Schwein. 
In swamps at New Albin and McGregor in Mississippi Valley. 
CAREX NORMALIS Mackenzie. 
I. S. C. Herbarium 71,586. Collected by Goddard at Decorah, July 
31, 1899. 
CAREX PEDUNCULATA Muhl. Long-stalked Sedge. 
In woods on south hillside near Highlandville in Winneshiek 
County. 
CAREX PENNSYLVANICA Lam. Pennsylvania Sedge. 
Common in open woods and pastures, especially in oak-hickory 
woods on north hillsides. 
CAREX RETRORSA Schwein. 
Collected in Mississippi River Valley in swamp near Lansing. 
CAREX ROSEA Schkuhr. Stellate Sedge. 
Common in linden-maple woods. 
CAREx STIPATA Muhl. Awl-fruited Sedge. 
Common in swamps and low places on prairie. 
CAREX STRICTA Lam. Tussock Sedge. 
In swamp seven miles south of New Albin in Allamakee County, by 
Ada Hayden, Sept. 13, 1937. 
CAREX TRICHOCARPA Muhl. 
Collected at Lansing in Mississippi Valley swamp. 
CAREx TYPHINA Michx. 
In valley woods chiefly of soft sugar maples and American elm 
across river from McGregor. 
CAREX VULPINOIDEA Michx. Fox Sedge. 
In swamp at Lower Dam and on prairies. 
CYPERUS INFLEXUS Muhl. Awned Cyperus. 
Cyperus aristatus Boeckl. in part, not Rottb. 
Along shores of small creek in sandy soil at Fort Atkinson and 
Lansing. 
CYPERUS ERYTHRORHIZOS Muhl. Red-rooted Cyperus. 
Two miles north of New Albin on edge of dried up slough. 
CYPERUS ESCULENTUS L. Yellow Nut-grass 
In swamp near Lansing. 
CYPERUS FILICULMIS Vahl. Slender Cyperus. 
Common on sandy soil, especially on the river terraces. 
CYPERUS RIVULARIS Kunth. Shining Cyperus. 
Along creek in sandy soil near Fort Atkinson. 
CYPERUS SCHWEINITZII Torr. Schweinitz's Cyperus. 
Common in sandy soil and often found growing with C. filiculm~ 
on the sandy river terraces in Upper Iowa River Valley. 
CYPERUS STRIGosus L. Straw-colored Cyperus. 
In moist soil along creek at Fort Atkinson. 
ELEOCHARIS ACICULARIS (L.) R. & S. Least Spike-rush. 
Growing in dense mats on edge of slough two miles north of Lan-
sing. 
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ELEOCHARIS CALVA Torr. Creeping Spike-rush. 
E. glaucescens of Am. auth. See Rh. 31: 68-40. 1929. 
Along edge of Upper Iowa River at Bluffton. 
ELEOCHARIS OBTUSA (Willd.) Schultes. Blunt Spike-rush. 
Collected by Ada Hayden on edge of pond in Upper Iowa River 
Valley 10 miles east of New Albin, on Sept. 13, 1937. 
ScmPus ATROVIRENS Muhl. Dark-green Bulrush. 
On prairies along Milwaukee Railroad near Calmar. 
ScIRPus CYPERINUS (L.) Kunth., var. PELIUS Fernald. Wood Grass. 
I. S. C. Herbarium 88,183. Collected by H. Goddard in Winneshiek 
County, July 30, 1899. 
ScIRPus PEDICELLATUS Fernald. Pedicellate Wool Grass. 
On lowland prairie along Milwaukee Railroad near Calmar. 
ScIRPus VALIDUS Vahl. Great American Bulrush. 
ARACEAE (Arum Family) 
AcoRus CALAMUS L. Sweet Flag. 
Growing in swamps one mile north of Freeport and two miles south 
of Lansing. 
ArusAEMA DRACONTIUM (L.) Schott. Dragon Root. 
Collected only at mouth of Canoe Creek in linden-maple woods. 
ARISAEMA TRIPHYLLUM (L.) Schott. Indian Turnip, Jack-in-the-Pulpit. 
Common in linden-maple woods throughout entire region. 
SYMPLOCARPUS FOETIDUS (L.) Nutt. Skunk Cabbage. 
Found in Winneshiek County one mile north of Freeport at outlet 
of spring, and in a similar habitat in Canoe Creek Valley. Flowers 
very early before the leaves appear. The leaves die about the middle 
of the summer. 
COMMEIJNACEAE (Spiderwort Family) 
TRADESCANTIA BRACTEATA Small. Long Bracted Spiderwort. 
Collected at Decorah on rocky, sunny hillside. Rare. 
TRADESCANTIA CANALICULATA Raf. Reflexed Spiderwort. 
See Contr. Am. Arb. 9: 74. 1935. 
Tradescantia reflexa Raf. 
Common on sandy soils at Decorah and on river terraces at Upper 
dam. 
JUNCACEAE (Rush Family) 
JuNcus MACER S . F. Gray. Yard Rush. 
See Jour. Bot. 68: 366. 1930. (Juncus tenuis Willd.). 
In hard soil in paths at Lansing. 
LUZULA CAMPESTRIS (L.) DC., var. MULTIFLORA (Ehrh.) Celak. Wood Rush. 
Luzula multiflora (Ehrh.) Les. 
In moist woodlands on south hillside at Upper Dam in Upper Iowa 
River Valley. Rare. 
LILIACEAE (Lily Family) 
ALLIUM CANADENSE L. Meadow Garlic. 
In open woods in Pleasant Township iil Winneshiek County. 
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.ALLIUM CERNUUM Roth. Nodding Wild Onion. 
Rare in cool, shady hillsides in linden-maple woods at Bluffton and 
Highlandville, on humus soil on talus limestone rock. 
ALLIUM STELLATUM Ker. Prairie Wild Onion. 
I. S. C. Herbarium 43,759. Collected by Holway at Decorah, July 
20, 1879. 
ALLIUM TRicoccuM Ait. Wild Leek. 
Common in linden-maple and elm-ash woods throughout the region. 
ASPARAGUS OFFICINALIS L. Asparagus. 
Common escape from cultivation. 
ERYTHRONIUM ALBIDUM Nutt. White Dog-Toothed Violet. 
Common in moist elm-ash woods and often extending up into the 
wooded hillsides. 
ERYTHRONIUM AMERICANUM Ker. Yellow Dog-Toothed Violet. 
At Canoe Creek in elm-ash woods. Not as colonial as Erythronium 
albidum, occurring in small groups of only several plants. Rare. 
LILIUM MICHIGANENSE Farw. Western Turk's Cap Lily. 
Lilium superbum of auth. Not L. 
See Bull. Torrey Bot. Club, 42: 353-354. 
On moist prairie lands west of Ridgeway and on edge of swamp one 
mile north of Freeport. Becoming rare. 
LILUM PHILADELPHICUM L., var. ANDINUM (Nutt.) Ker. 
Collected on sunny hillside two miles southeast of Decorah and on 
prairie near Ossian along Milwaukee Railroad. 
MAIANTHEMUM CANADENSE Des£. False Lily-of-the-Valley. 
At Bluffton and Decorah in linden-maple woods in humus soil on 
calcareous rocks or talus. Not common. 
0AKESIA SESSILIFOLIA (L.) Wats. Sessile-leaved Bellwort. 
Rare in upland woods of black and white oaks at Conover Station. 
PoLYGONATUM BIFLORUM (Walt.) Ell. Hairy Solomon's Seal. 
Rare in linden-maple woods at Bluffton. 
PoLYGONATUM COMMUTATUM (R. & S.) Dietr. Solomon's Seal. 
Common in open woods and on prairie near Calmar. 
SMILACINA RACEMOSA (L.) Des£. False Solomon's Seal. 
Common in upland oak woods. 
SMILACINA STELLATA (L.) Des£. Star-flowered Solomon's Seal. 
Collected at Decorah in linden-maple woods and oak-hickory 
woods. Not as common as the above species but occurs in more xeric 
habitats. 
SMILAX HERBACEA L. Carrion-flower. 
Occasionally found in linden-maple woods. 
SMILAX HISPIDA Muhl. Hispid Greenbrier. 
Collected in thicket at Upper Dam. 
SMILAX HERBACEA var. LASIONEUROK (Hook.) A.DC. Tendril bearing up-
right smilax. 
Smilax lasioneuron (Hook.) Rydb. 
See Rydberg, Flora of Prairies and Plains. 
Common along edges of fields, thickets, and open woods. 
TRILLIUM CERNUUM L. Nodding Wake-robin. 
In open woods on railroad right-of-way at Conover Station in moist, 
humus soil. 
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TRILLIUM GLEASON! Fernald. Drooping Wake-robin. 
See Rhodora 34: 21. 1932. 
Trillium declinatum (Gray) Gleason not Raf. 
Common in linden-maple woods throughout the region. 
TRILLIUM NIVALE Riddell. Snow Trillium or Early Wake Robin. 
Common in open woods in the valleys. The first spring flower. 
UVULARIA GRANDIFLORA J.E. Smith. Large-flowered Bellwort. 
Common in moist linden-maple woods. 
ZIGADENUS ELEGANS Pursh. 
See Rhodora 37: 256. 1935. 
Z. chloranthus Richards. 
On east hillside two miles southeast of Decorah. In full sun with 
prairie grasses. 
DIOSCOREACEAE (Yam Family) 
DroscoREA VILLOSA L. Yam. 
See Rhodora 20: 48. 1919. 
In open woods and thickets at Lower Dam. 
AMARYLLIDACEAE (Amaryllis Family) 
HYPoxrs HIRSUTA (L.) Coville. Star Grass. 
Common on prairies and in open woods. 
IRIDACEAE (Iris Family) 
lRrs VIRGINICA L. Large Blue Flag. 
See Anderson, Ann. Mo. Bot. Gard. 15: 241-332. 1928. 
Iris versicolor of Gray's Manual in part. 
In swamps and on edges of ponds in the Mississippi and Upper 
Iowa River Valleys. 
SrsRINCHIUM CAMPESTRE Bicknell. Blue-eyed Grass. 
Common on prairies and in open woods. 
ORCHIDACEAE (Orchis Family) 
CALOPOGON PULCHELLUS (Sw.) R. Br. 
I. S. C. Herbarium 44,425. Collected by E. W. Holway at Freeport, 
June 20, 1880. 
CYPRIPEDIUM CANDIDUM Muhl. Small White Lady's Slipper. 
I. S. C. Herbarium 44.425. Collected by E.W. Holway in Winne-
shiek County, May 29, 1881. 
CYPRIPEDIUM PARVIFLORUM Salish. Small Yellow Lady's Slipper. 
In swamp along railroad near Ridgeway and north of Cresco in 
Howard County. 
CYPRIPEDIUM PARVIFLORUM Salish. var. PUBESCENS (Willd.) Knight. Large 
Yellow Lady's Slipper. 
Collected near Upper Dam in Upper Iowa River Valley and near 
Decorah in linden-maple woods. 
EPIPACTIS PUBESCENS (Willd.) A. A. Eaton. Rattlesnake Plantain. 
Collected in Allamakee County four miles west of New Albin in 
linden-maple woods. 
HABENARIA BRACTEATA (Willd.) R. Br. Long-bracted Orchis. 
In open woods on south hillside along Dugway road at Decorah. 
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HABENARIA HooKERI Torr. Hooker's Orchis. 
In upland oak woods three miles east of Decorah. Rare. 
HABENARIA LEUCOPHAEA (Nutt.) Gray. Prairie White-fringed Orchis. 
On prairies near Ridgeway in low land in soil with much humus 
and where the habitat has not been disturbed by deposit or washing 
of flood waters. 
LIPARIS LILIIFOLIA (L.) Richard. Twayblade. 
In rich upland oak woods three miles east of Decorah. 
0RCHIS SPECTABILIS L. Showy Orchis. 
Collected in woods at Upper Dam and in Canoe Creek Valley. 
SPIRANTHES CERNUA (L.) Richard. Ladies' Tresses. 
On lowland prairie along Milwaukee Railroad near Ridgeway. 
Swampy habitat. 
Class 2. DICOTYLDONEAE 
SALICACEAE (Willow Family) 
PoPULus ALBA L. White or Silver-leaf Poplar. 
Introduced tree from Europe. Commonly planted in yards and 
occasionally found as an escape. 
PoPULus GRANDIDENTATA Michx. Large Toothed Aspen. 
Common on hillsides, especially on newly cut-over land and open 
woods. 
PoPULUS TACAMAHACCA Mill. Balsam Poplar. 
See Rhodora 21: 101. 1919. 
Populus balsamif era Du Roi, not L. 
Rare along shores of lake above Lower Dam in Upper Iowa River 
Valley. 
PoPULUS TREMULOIDES Michx. American Aspen. Quiver-leaf. 
Common in habitats similar to those of P. grandidentata. 
PoPuLus BALSAMIFERA L. Cottonwood. 
Populus deltoides Sargent of Gray's Manual and Britton and Brown. 
Common along streams throughout region. 
SALIX AMYGDALOIDES Anders. Peach-leaved Willow. 
Common tree along rivers and similar locations. 
SALIX BABYLONICA L. Weeping Willow. 
Planted in lawns. 
SALIX BEBBIANA Sarg. Bebb's Willow. 
Salix rostrata Richards. 
Small tree on edge of woods on south, shady hillsides and ravines 
or creeks. 
SALIX CORDATA Muhl. Heart-leaved Willow. 
Common bushy shrub or small tree along shores of rivers and 
creeks. 
SALIX DISCOLOR Muhl. 
Common prairie shrub, especially in lower lands. 
SALIX HUMILIS Marsh. 
Small shrub on upland prairies. 
SALIX INTERIOR Rowlee. Sand-bar Willow. 
Salix longifolia Muhl. not Lam. 
Common willow of shrubby nature growing in colonies. This is one 
of the first trees to invade denuded lands along rivers. 
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SALIX LUCIDA Muhl. Shining Willow. 
A single small tree found one mile north of Freeport in swamp and 
another two miles west of Ridgeway on low prairie land. 
SALIX NIGRA Marsh. Black Willow. 
A common large tree in river valleys. 
SALIX PETIOLARIS Smith. 
Found on prairie swamp three miles north of Cresco in Howard 
County. 
SALIX TRISTIS Ait. 
Growing with S. petiolaris. 
JUGLANDACEAE (Walnut Family) 
CARYA CORDIFORMIS (Wang.) K. Koch. Shell-bark Hickory. 
A tree found chiefly in the valleys. 
CARYA OVATA (Mill.) K. Koch. Shell-bark Hickory. 
A common tree on north hillsides and upland woods. Commonly 
associated with Quercus macrocarpa, and the two together commonly 
dominate the north hillsides. 
JuGLANS CINEREA L. Butternut. White Walnut. 
Frequent on hillsides, especially on protected hillsides, and on allu-
vial flood plains. 
JuGLANS NIGRA L. Black Walnut. 
Common in valleys in rich alluvial soils. 
BETULACEAE (Birch Family) 
ALNus INCANA (L.) Moench. Speckled or Hoary Alder. 
A small tree found at Freeport and in Canoe Creek Valley grow-
ing in swamps and at springs. Rare. 
BETULA LUTEA Michx. f. Yellow Birch. 
Found on protected hillside near McGregor. 
BETULA NIGRA L. River Birch. 
Occasionally found in the Mississippi River Valley. 
BETULA PAPYRIFERA Marsh. Paper Birch. 
Common on well drained hillsides, especially on the protected, 
south hillsides. 
CARPINUS CAROLINIANA Walt. Blue Beech. 
Common small tree, especially in linden-maple woods, where it 
occurs as undergrowth. 
CoRYLUS AMERICANA Walt. Hazel Nut. 
Common shrub on prairies and open woods. 
CoRYLUS CORNUTA Marsh. Beaked Hazel Nut. 
See Garden and Forest 8: 345. 
Corylus rostrata Ait. 
Rare in woods two miles west of Decorah. 
OsTRYA VIRGINIANA (Mill.) K. Koch. American Hop Hornbean. 
In linden-maple woods as undergrowth. More common than Car-
pinus caroliniana with which it is often associated and to which it 
bears resemblance both in general appearance and environmental re-
quirements. 
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FAGACEAE (Beech Family) 
QuERcus ALBA L. White Oak. 
Common forest tree throughout the region, especially on the up-
lands and hillsides. 
QuERCUS BICOLOR Willd. Swamp White Oak. 
Rare tree found only in the Mississippi River Valley bordering 
sloughs and ponds. 
QuERcus BOREALIS Michx. f., var. MAXIMA (Marsh.) Ashe. Northern Great 
Oak. 
See Rhodora 18: 45-52. 
Common tree of uplands and hillsides. 
QUERcus ELLIPsomALIS J.E. Hill. Hill's Oak. 
See Proc. Soc. Am. Foresters 11: 90. 1916. 
Common tree of uplands and hillsides. 
QuERcus MACROCARPA Michx. Bur Oak. 
Common tree on sunny hillsides and dry, well drained habitats. 
Commonly associated with Carya ovata. 
QUERCUS MuHLENBERGII Engelm. Chestnut Oak. Chinquapin Oak. 
Collected at Marquette on south, sunny hillside below calcareous 
cliff. Rare. 
QuERCUS VELUTINA Lam. Black Oak. 
Common large tree orl uplands and hillsides throughout the region. 
CASTANEA DENTATA (Marsh.) Borkh. American Chestnut. 
Two large trees were found growing two miles north of Freeport 
near a farmhouse. 
ULMACEAE (Elm Family) 
CELTIS occmENTALIS L. Hackberry. 
Common large tree in valley woods. 
ULMUS AMERICANA L. American Elm. 
Very common dominant tree in valley woods. Commonly used as 
a shade tree. 
ULMUS FULVA Michx. Red Elm. Slippery Elm. 
Frequent in valleys with Ulmus americana. 
ULMUS RACEMOSA Thomas. Cork or Rock Elm. 
Ulmus Thomasi Sarg. 
Not as common as the above two species; growing in similar 
habitats. 
MORACEAE (Mulberry Family) 
CANNABIS SATIVA L. Indian Hemp. 
Common in alluvial pastures, fields. An introduced weedy plant. 
HuMULUS LUPuLus L. Hop. 
Common vine growing on edges of fields, roadsides, and thickets. 
MoRus RUBRA L. Red Mulberry. 
In open woods at Lansing and Freeport. 
URTICACEAE (Nettle Family) 
BoEHMERIA CYLINDRICA (L.) Sw. False Nettle. 
Rare plant in moist, cool woods in Mississippi River Valley at Mar-
quette. 
A FLORA IN NORTHEASTERN IOWA 343 
LAPORTEA CANADENSIS (L.) Gaud. Wood or Canada Nettle. 
Common weedy plant in valley woods in alluvial soils. 
PARIETARIA PENNSYLVANICA Muhl. Pennsylvanian Pellitory. 
Common weed in cool, moist woods. 
Pn.EA PUMil.A (L.) A. Gray. Clearweed. 
Collected in valley woods in Hanover Township in Allamakee 
County and in swamp at Freeport. 
URTICA PROCERA Muhl. Common Nettle. 
See Rhodora 28: 192-195. 1926. 
Urtica gracilis of Am. auth., not Ait. 
Common weed in waste places, especially where ashes have been 
dumped or fires burned. 
SANTALACEAE (Sandalwood Family) 
CoMANDRA UNBELLATA (L.) Nutt. Bastard Toad-flax. 
Frequent in open woods and on prairies in large colonies. 
ARISTOLOCIDACEAE (Birthwort Family) 
AsARUM CANADENSE L. Wild Ginger. 
Frequent in linden-maple woods throughout the region. 
POLYGONACEAE (Buckwheat Family) 
PoLYGONELLA ARTICULATA Meissn. Joint Weed. 
Abundant locally on open dune sands in Allamakee County north-
east of Lycurgus and on sand terraces of the Upper Iowa River Valley. 
PoLYGONUM AVICULARE L. Knot Grass. 
Common weedy plant in lawns, and along roads or paths. 
PoLYGONUM CONVOLVULUS L. Black Bindweed. 
A weedy, climbing plant on fences and plants of the fields and 
gardens. 
PoLYGONUM coccINEuM Muhl. Muhlenberg's Smartweed. 
See Rh. 27: 162. 1925. 
Collected in poorly drained pasture at Waukon. 
PoLYGONUM ERECTUM L. Weedy Knotweed. 
In habitats similar to that of P. aviculare. 
PoLYGONUM HYDROPIPER L. Water Pepper. 
I. S. C. Herbarium 71,643. Collected in Winneshiek County by 
Herbert Goddard, August 1, 1896. 
PoLYGONUM HYDROPIPEROIDES Michx. Mild Water Pepper. 
Growing along edge of slough one mile east of New Albin. Grow-
ing in dense colonies, making a colorful show. 
PoLYGONUM LAPATHIFOLIUM L. Pale Persicaria. 
Rhodora 23: 258-259. 
Weedy plant along streams. 
PoLYGONUM PENNSYLVANICUM L. Pennsylvania Persicaria. 
Common in fields, gardens, roadsides and along rivers. 
PoLYGONUM PERSICARIA L. Lady's Thumb. 
Common in habitats similar to P. pennsylvanica. 
PoLYGONUM PUNCTATUM Ell. Smartweed. 
Polygonum acre HBK. 
Common in valley and prairie lowlands and swamps. 
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PoLYGONUM SAGITTATUM L. Arrow-leaved Tear Weed. 
In swamps four miles west of New Albin in Upper Iowa Valley. 
PoLYGONUM TENUE Michx. Slender Knotweed. 
On sandy river terrace two miles east of Decorah: 
PoLYGONUM VIRGINIANUM L. Virginia Knotweed. 
In moist, shady woods in Upper Iowa River Valley four miles west 
of New Albin. 
PoLYGONUM SCANDENS L . Climbing Buckwheat. 
In thickets in Upper Iowa River Valley. 
RuMEX ALTISSIMUS Wood. Great Tall Dock. 
Common perennial weed in waste places throughout the region. 
RuMEx BRITANNICA L. Great Water Dock. 
In swamp at spring near Decorah. 
RUMEX PATIENTIA L. Patience Dock. 
In habitat similar to Rumex Britannica. 
RUMEX CRISPUS L. Curled Dock. 
In habitats similar to Rumex altissimus. 
RuMEx VERTICILLATUS L. Swamp Dock. 
Common on muddy banks of Mississippi River near New Albin 
and McGregor. 
RuMEX AcETOSELLA L. Field, Wood, or Sheep Sorrel. 
Common weed in fields and waste places. 
CHENOPODIACEAE (Goosefoot Family) 
CHENOPODIUM ALBUM L. Lamb's Quarters. 
Common weed in disturbed lands, roadsides, gardens, etc. 
CHENOPODIUM BoTRYS L. Jerusalem Oak, Feather Geranium. 
On sandy river terrace in Hanover Township. 
CHENOPODIUM GLAUCUM L. Oak-leaved Goosefoot. 
Along roadside at McGregor. 
CHENOPODIUM HYBRIDUM L. Hybrid Lamg's Quarters. 
At Decorah in waste land. 
ATRIPLEX PATULA L. Spear Scale. 
A frequent weedy plant in gardens and disturbed lands. 
SALSOLA KALI L. var. TENUIFOLIA G. F . W. Mey. Russian Thistle. 
Salsola pestifer A. Nels. 
On railroad tracks at Decorah. 
AMARANTHACEAE (Amaranth Family) 
AMARANTHUS BLITOIDES W ats. Spreading Pigweed. 
In sandy, well drained soil. 
AMARANTHUS GRAECIZANS L. Tumble Pigweed. 
In sandy soil in corn fields in Hanover Township. 
AMARANTHUS RETROFLEXUS L. Pigweed. 
Common weed in gardens and fields. 
FRoELICHIA FLORIDANA (Nutt.) Moq. 
Froelichia campestris Small. 
On sandy river terrace four miles west of New Albin. 
AcNIDA TUBERCULATA Moq. Water Hemp. 
Common in disturbed alluvial soils along r ivers. 
AcNIDA TAMARISCINA (Nutt.) Wood. 
In habitats similar to the above species of A cnida. 
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NYCTAGINACEAE (Four O'clock Family) 
OxYBAPHUS NYCTAGINEUS (Michx.) Sweet. Wild Four-o'clock. 
On prairies and sunny hillsides, especially in disturbed soil. 
ILLECEBRACEAE (Knotwort Family) 
ANYCHIA CANADENSIS (L.) BSP. 
In open woods at Upper Dam. Rare. 
AIZOACEAE 
MoLLUGO VERTICILLATA L. Carpet Weed. 
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In sandy soil on river terrace and corn fields in Hanover Township 
in Allamakee County. 
CARYOPHYLLACEAE (Pink Family) 
ARENARIA LATERIFLORA L. Wood Sandwort. 
In hazel thickets and open woods throughout region. 
ARENARIA STRICTA Michx. Rock Sandwort. 
Rare on limestone rocks near Highlandville. 
CERASTIUM ARVENSE L. 
A weedy plant growing throughout region. 
CERASTIUM NUTANS Raf. Nodding Chickweed. 
A weedy plant in open woods. 
CERASTIUM VELUTINUM Raf. Barren Chickweed. 
Collected on limestone talus below cliffs two miles southeast of 
Decorah and at Bluffton. 
CERASTIUM vuLGATUM L. Mouse-ear Chickweed. 
Collected at Bluffton and Decorah on shady hillside in humus soil 
on calcareous rocks. 
SAPONARIA OFFICINALIS L. Bouncing Bet. Soapwort. 
A common escape from gardens. 
SILENE DICHOTOMA L. Forked Catchfly. 
On sandy soil along road at Upper Dam. 
SILENE NIVEA DC. Snow Campion. 
In swampy meadows. 
SILENE ANTIRRHINA L. Sleepy Catchfly. 
Common on rocky soil on sunny hillsides. 
SILENE STELLATA (L.) Ait. f. Starry Campion. 
On prairies near Ridgeway and Calmar. 
SILENE NOCTIFLORA L. Night-flowering Catchfly. 
Collected on roadside in Springfield Township. 
STELLARIA MEDIA (L.) Cyrill. Chickweed. 
Common in moist woods. 
STELLARIA LONGIFOLIA Muhl. 
Collected in ravine in woods near Upper Dam. 
PORTULACACEAE (Purslane Family) 
CLAYTONIA VIRGINICA L. Spring Beauty. 
Common in alluvial soils in elm-ash woods. 
PORTULACA OLERACEA L. Purslane. 
Common annual weed in fields and gardens. 
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CERATOPHYLLACEAE (Hornwort Family) 
CERATOPHYLLUM DEMERSUM L. Hornwort. 
In slough in Mississippi Valley near Lansing. 
NYMPHAEACEAE (Water Lily Family) 
NELUMBO LUTEA (Willd.) Pers. American Lotus. 
See Rhodora 36: 23-24. 1934. 
Nelumbo pentapetala (Walt.) Fernald. • 
Along shores of sloughs and lakes in Mississippi River Valley. 
NYMPHAEA TUBEROSA Paine. White or Tuberous Water Lily. 
See Rhodora 18: 120. 1916. 
Castalia tuberosa (Paine) Greene. 
In sloughs, slow flowing water and lakes in Mississippi River Valley. 
NuPHAR ADVENA Ait. Spatter Dock, Yellow Pond Lily or Cow Lily. 
See Rhodora 21: 186. 1919; 39: 333. 1937. 
Nymphozanthus advena (Ait.) Fernald. 
Common in sloughs and habitats similar to the above species. 
BRASENIA ScHREBERI Gmel. 
Collected in pond in Upper Iowa River Valley west of New Albin. 
RANUNCULACEAE (Buttercup Family) 
AcTAEA ALBA (L.) Mill. White Baneberry. 
In linden-maple woods. 
ACTAEA RUBRA (Ait.) Willd. Red Baneberry. 
In habitats similar to the above species. 
ANEMONE PATENS L. var. WoLFGANGIANA (Bess.) Koch. 
On sunny, rocky hillsides in Upper Iowa and Mississippi River Val-
leys. Not common. 
ANEMONE CANADENSIS L. White Anemone. 
Common on prairies and open woods. 
ANEMONE CYLINDRICA Gray. Thim bleweed. 
On rocky hillsides and prairies. 
ANEMONE QUINQUEFOLIA L. Wood Anemone. 
Common in woodlands and upland prairies. 
ANEMONE VIRGINIANA L. Virginia Anemone. 
Frequent in open woods. 
ANEMONELLA THALICTROIDES (L.) Spach. Rue Anemone. 
In upland oak woods. Common locally. 
AQUILEGIA CANADENSIS L. Wild Columbine. 
Common on rocks and rocky soils in shade or full sun. 
CALTHA PALUSTRIS L. Marsh Marigold. 
In swamps and spring horizons. Becoming rare. 
CLEMATIS VERTICILLARIS DC. Whorled Clematis. 
On limestone cliff at Decorah. 
CLEMATIS VIRGINIANA L. Virgin's Bower. 
Common in thickets and brush in river valleys. 
DELPHINIUM VIRESCENS Nutt. White Delphinium. 
Delphinium Penardi of Rob. & Fern. 
I. S. C. Herbarium 71,689. Collected by Herbert Goddard in Win-
neshiek County, June 25, 1895. 
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HEPATICA ACUTILOBA DC. Liver Leaf. Hepatica. 
Common vernal herb in linden-maple woods. Colors range from 
white to blue and purple. 
HYDRASTIS CANADENSIS L. Golden Seal. 
In woods at Lower Dam. Rare. 
RANUNCULUS TRICHOPHYLLUS Chaix. White Water Crowfoot. 
See Rhodora 38: 26. 1936. 
R. aquatilis L. var. capillaceus DC. 
In cold waters at spring near the mouth of Canoe Creek. 
RANUNCULUS ABORTIVUS L. Small-flowered Crowfoot. 
In valley woods on alluvial soils and in moist upland woods. 
RANUNCULUS FASCICULARIS Muhl. Prairie Buttercup. 
On sunny, well drained hillsides. 
RANuNCULUS HISPIDUS Michx. Hairy Swamp Buttercup. 
In swamps one mile south of Lansing. Rare. 
RANUNCULUS RECURVATUS Poir. Hooked Crowfoot. 
Frequent in moist woods in humus soil. 
RANUNCULUS RHOMBOIDEUS Goldie. Rhombic-leaved Crowfoot. 
On sunny, well drained hillside two miles southeast of Decorah. 
RANUNCULUS SCELERATUS L. Cursed Crowfoot. 
Along muddy shores of Mississippi River and above Lower Dam 
on river mud flats. 
RANUNCULUS SEPTENTRIONALIS Poir. Woodland Buttercup. 
In moist, alluvial soils in elm-ash woods of valleys. 
RANUNCULUS PENNSYLVANICUS L. f. 
In swamps in Mississippi Valley. 
THALICTRUM DASYCARPUM Fish. & Lall. Tall Meadow Rue. 
In low prairies and swamps. 
THALICTRUM DIOICUM L. Spring Meadow Rue. 
Common in linden-maple woods. 
MENISPERMACEAE (Moonseed Family) 
MENISPERMUM CANADENSE L. Moonseed. 
A vine found commonly in thickets. 
BERBERIDACEAE (Barberry Family) 
CAULOPHYLLUM THALICTROIDES (L.) Michx. Blue Cohosh. 
Common herb in linden-maple woods. 
PonoPHYLLUM PELTATUM L. May Apple, Mandrake. 
Common in open woods and pastures in the valleys throughout the 
region. 
BERBERIS VULGARIS L. European Barberry. 
Collected in open woods and pastures south of Decorah. 
BERBERIS THUNBERGII DC. Japanese Barberry. 
Commonly cultivated in yards. 
PAPAVERACEAE (Poppy Family) 
SANGUINARIA CANADENSIS L. Bloodroot. 
Common in linden-maple woods, but becoming scarce because of 
picking and other sources of destruction. 
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CHELIDONIUM MAJUS L. Celandine. 
Becoming established in the linden-maple woods in Pleasant Town-
ship in Winneshiek County. Frequently crowds other native herbs 
and dominates entire areas. 
FUMARIACEAE (Fumitory Family) 
CoRYDALIS AUREA Willd. 
Collected at Decorah on rocky, sunny hillside. 
D1cENTRA CucuLLARIA (L.) Bernh. 
Common in linden-maple woods; blooms in spring before leaves 
appear on trees and dies during the first of June. 
DICENTRA CANADENSIS (Goldie) Walp. Squirrel's Corn. 
Occurring in same habitat as Dicentra Cucullaria, but not as com-
mon. Found at Decorah and Canoe Creek. 
CRUCIFERAE (Mustard Family) 
ARABIS DENTATA T. & G. Toothed Arabis. 
In woods at Pallisade Park in Decorah. 
ARABIS CANADENSIS L. Sickle-pod. 
In upland woods at Bluffton and Decorah. 
ARABIS HmsuTA (L.) Scop. Hairy Rock Cress. 
In open woods on south hillside at Decorah. 
ARABIS LYRATA L. Rock Cress. 
Common on limestone cliffs and rocky soils. 
ARABIS LAEVIGATA (Muhl.) Pair. Smooth Rock Cress. 
On rocky, sunny hillside at Decorah. Not common. 
CAMELINA SATIVA Crantz. False Flax. 
I. S. C. Herbarium 41,790. Collected by Holway, June 22, 1893, at 
Decorah. 
BERTEROA INCANA (L.) DC. Hoary Alyssum. 
Frequent on roadsides and waste places. 
BRASSICA JUNCEA (L.) Casson. Indian Mustard. 
Common weed in fields. 
BRASSICA ARVENSIS (L.) Ktze. Field Mustard. 
Common weedy plant in grain fields. 
BRASSICA NIGRA (L.) Koch. Black Mustard. 
Common weed in fields. 
CARDAMINE BULBOSA (Schreb.) BSP. Bulbous Cress. 
Common plant in swamps and at springs. 
CARDAMINE PENNSYLVANICA Muhl. Pennsylvania Bitter Cress. 
Along muddy shores of a Mississippi slough near Lansing. 
CAPSELLA BURsA-PASTORIS (L.) Medic. Shepherd's Purse. 
Common in lawns, fields, and similar habitats. 
DENTARIA LACINIATA Muhl. Toothwort. 
Frequent in linden-maple woods. 
DRABA REPTANS (Lam.) Fernald. 
See Rhodora 36: 368. 1934. 
Drabti caroliniana Walt. 
On dry, sunny hillsides, on calcareous soil and rocks. 
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ERYSIMUM CHEIRANTHOIDES L. Worm-seed Mustard. 
See Rydberg's Flora of the Plains and Prairies. 
Cheirinia cheiranthoides (L.) Link. 
In linden-maple woods on talus below cliff in humus ·soil. 
ERYSIMUM PARVIFLORUM Nutt. Small-flowered Prairie Rocket. 
Cheirinia inconspicua (S. Wats.) Rydb. 
In gravel soil along railroad near McGregor. 
LEPIDIUM DRABA L. Hoary Cress. 
Along roadside at Calmar. Rare. 
LEPIDIUM DENSIFLORUM Schrad. 
Lepidium apetalum of auth. not Willd. 
A weedy plant in gardens, lawns, and waste places. 
LEPIDIUM VIRGINICUM L. Virginia Pepper Grass. 
A common weedy plant growing with L. densiflorum. 
RoRIPA ARMORACIA (L.) Hitchc. Horse Radish. 
Radicula Armoracia (L.) Robinson. 
An escape from cultivation. Frequent in fields and gardens. 
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RoRIPA NASTURTIUM-AQUATICUM (L.) Schinz & Thell. True Water Cress. 
Radicula Nasturtium-aquaticum (L.) Britton and Rendle. 
Common in swift moving, cold water streams from springs in the 
vicinity of Decorah. 
RoRIPA HISPIDA var. GLABRATA Lundell. Marsh Water Cress. 
See Rhodora 30: 133. 1928. 
Radicula palustris of Am. auth. not Moench. 
In Mississippi Valley along muddy shores of sloughs, and at Lower 
Dam in alluvial fields. 
RoRIPA SESSILIFLORA (Nutt.) Hitchc. Sessile-flowered Cress. 
Radicula sessiliflora (Nutt.) Greene. 
On muddy shores of slough in Mississippi Valley north of Lansing. 
RoRIPA SYLVESTRIS (L.) Bess. Yellow Cress. 
Radicula sylvestris (L.) Druce. 
Frequent in moist ravine and along shores and banks of rivers. 
SISYMBRIUM ALTISSIMUM L. Tumble Mustard. 
In sandy, well drained soil along railroad track at Calmar and 
New Albin. 
SISYMBRIUM CANESCENS Nutt. Canescent Hedge Mustard. 
In fields and sunny hillsides at Decorah. 
SISYMBRIUM OFFICINALE (L.) Scop. Hedge Mustard. 
In fields and around buildings at Decorah. 
THLASPI ARVENSE L. Penny Cress. 
Along railroad track one mile south of Lansing. 
CAPPARIDACEAE (Caper Family) 
PoLANISIA GRAVEOLENS Raf. Clammy Weed. 
In gravel pit at Union City and Calmar. Not common. 
CRASSULACEAE (Orpine Family) 
PENTHORUM SEDOIDES L. Ditch Stonecrop. 
Along streams and moist places. 
SEMPERVIVUM TECTORUM L. House Leek. 
An escape from cultivation, especially common in old graveyards. 
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SAXIFRAGACEAE (Saxifrage Family) 
CHRYSOSPLENIUM IOWENSE Rydb. Iowa Golden Saxifrage. 
Rare in open, swampy area on south hillside in open woods near 
Decorah. Associated with the tree moss, Climacium americanum on 
calcareous talus rocks. 
HEucHERA RICHARDSONII R. Br. Alum Root. 
See Rhodora 35: 111. 1933. 
In crevices in limestone cliffs and on sandy river terraces and open 
woods on sunny hillside at Upper Dam. 
MITELLA DIPHYLLA L. Mitre-wort. Bishop's Cap. 
Common in linden-maple woods throughout the region. 
RIBES AMERICANUM Mill. Black Wild Currant. 
Ribes floridum L'Her. 
Frequent in valley woods throughout the area and collected on 
prairie at Calmar. 
RIBES CYNOSBATI L. Prickly Gooseberry. 
Common on limestqne cliffs and rocks in woodlands. 
RIBES MISSOURIENSE Nutt. Missouri Gooseberry. 
Ribes gracile Michx. . 
Common in valley woods and hillsides. 
RIBES HIRTELLA (Michx.) Spach. 
A few bushes in open valley woods near Decorah. 
SAXIFRAGA PENNSYLVANICA L. Swamp Saxifrage. 
Collected on prairie swamp a few miles west of Ridgeway and on 
south hillside in open woods, where the humus soil was mixed with 
limestone talus. 
SuLLIVANTIA RENIFOLIA Rosendahl. Sullivant's Saxifrage. 
See Univ. of Minn. Studies. Biol. Sci. 6: 40, pl. 34. 1927. 
Sullivantia Sullivantii (T. & G.) Britton. 
In crevices in limestone cliffs on south shady hillside at High-
landville and Lansing. 
HAMAMELIDACEAE (Witch-hazel Family) 
HAMAMELIS VIRGINIANA L . Witch-hazel. 
On south, shady hillsides in linden-maple woods in Mississippi Val-
ley near Lansing and at McGregor. 
PLATANACEAE 
PLATANUS OCCIDENTALIS L. Sycamore. 
I. S. C. Herbarium 140,981. Collected at McGregor by Pammel, May 
30, 1918. 
ROSACEAE (Rose Family) 
AGRIMONIA GRYPOSEPALA Wallr. Tall Hairy Agrimony. 
Frequent in upland oak-hickory woods. 
AMELANCHIER CANADENSIS (L.) Medic. Canada Service Berry. 
Common shrub or small tree in woods throughout area. 
AMELANCHIER HUMILIS Wiegand. Low Service Berry. 
See Rhodora 14: 126-141. 1912. 
In sandy soils at Upper Dam and on limestone cliffs throughout the 
region. 
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AMELANCHIER LAEVIS Wiegand. Smooth Juneberry. 
Collected at Decorah in open woods. 
CRATAEGUS Caus-GALLI L. Cockspur Thorn. 
Collected at McGregor on sunny hillside and in open woods. 
CRATAEGUS CALPODENDRON (Ehrh.) Medic. 
C. tomentosa. of auth. not L. 
Frequent in woods in the Upper Iowa River Valley. 
CRATAEGUS MOLLIS (T. & G.) Scheel. Woolly Thorn. 
On sunny hillside near Decorah and in open valley at Highland-
ville. 
CRATAEGUS MOLLIS (T. & G.) Scheele. Wooly Thorn. 
Collected in Mississippi Valley a few miles north of Lansing. 
CRATAEGUS PUNCTATA Hook. Dotted Thorn. 
Common in valleys throughout the region. 
FRAGARIA VESCA L. var. AMERICANA Porter. Wood Strawberry. 
Fra.ga.ria. a.merica.na. (Porter) Britton. 
Common in woods throughout region. 
FRAGARIA VIRGINIANA Duchesne. Virginia Strawberry. 
Common in open woods and prairies. 
GEUM CANADENSE Jacq. White Avens. 
Common on prairies and in open woods. 
GEUM STRICTUM Ait. Yellow Avens. 
In swampy land on prairie near Ossian. 
GEUM TRIFLORUM Pursh. Prairie Smoke or Prairie A vens. 
Sieversia. triflora. (Pursh) R. Br. 
Rare on sandy river terrace near Freeport and on well drained 
prairie land one mile east of Ridgeway. 
PHYsocARPUS OPULIFOLIUS (L.) Maxim., var. INTERMEDIUS (Rydb.) Robin-
son. Ninebark. 
Common on well drained hillsides and cliffs. 
PoTENTILLA ARGENTEA L. Silvery Cinquefoil. 
In open woods near McGregor. 
PoTENTILLA ARGUTA Pursh. Silvery Cinquefoil. 
On sandy soil of river terraces and on well drained prairie lands. 
PoTENTILLA FRuTrcosA L. Shruoby Cinquefoil. 
Da.siphora fruticosa. (L.) Rydb. 
On south, sunny and exposed cliff at Bluffton. 
PoTENTILLA NORVEGICA L. var. HIRSUTA (Michx.) Lehm. Rough Cinquefoil. 
See Rhodora 28: 213-214. 1926. 
Potentilla. monspeliensis L. 
Common weedy plant in waste lands. 
PoTENTILLA SIMPLEX Michx. Cinquefoil. 
See Rhodora 33: 188. 1931. 
Potentilla. ca.na.densis of Am. auth. not L. 
Common on prairies and in open woods. 
PoTENTILLA TRIDENTATA Ait. Three-toothed Cinquefoil. 
I. S. C. Herbarium 12,622. Collected by A. S. Hitchcock near Hes-
per. 
PaUNus AMERICANA Marsh. Wild Plum. 
Common plum growing in thickets throughout the region. 
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PRUNUS NIGRA Ait. Black Plum. 
Not common in open woods at Decorah and Canoe Creek. 
PRuNUs PENNSYLVANICA L. f. Pin Cherry. 
Frequent in upland oak woods, and in disturbed lands. Pioneer 
woody species in denuded areas. 
PRuNus PUMILA L. Sand Cherry. 
On sandy soil below sandstone cliff in Mississippi Valley. 
PRUNUS SEROTINA Ehrh. Tall Choke Cherry. 
Common in upland oak woods. 
PRUNUS VIRGINIANA L. Small Choke Cherry. 
Common in thickets along edges of woods, in open woods, and on 
prairies along edges of fields. 
MALus IOENSIS (Wood.) Bailey. Wild Crab Apple. 
Pyrus ioensis (Wood.) Britton. 
Common in open woods and thickets. 
RosA ARKANSANA Porter. Prairie Rose. 
Common on prairies, sunny hillsides, and open woods throughout 
the region. 
RosA BLANDA Ait. Meadow Rose. 
Frequent in the wooded sections. 
RosA CAROLINA L. Carolina Rose. 
See Rhodora 20: 19. 1918. 
Collected one mile north of Freeport on north, sunny hillside. 
RuBus ALLEGHENIENSIS Porter. Blackberry. 
In open woods in Hanover Township in Upper Iowa River Valley. 
RUBus NEGLECTUS Peck. 
Rubus occidentalis x Rubus strigosus. 
In open woods at Lower Dam in Upper Iowa River Valley. 
RuBus OCCIDENTALIS L. Black Raspberry. Black-caps. 
Common in habitats similar to Rubus strigosus. 
RUBus PUBESCENS Raf. Dwarf Red Raspberry. 
Rubus triflorus Richards; Rubus americanus (Pers.) Britt. 
In moist linden-maple woods on south, shady hillsides near High-
landville and in prairie swamp three miles north of Cresco. 
RuBus STRIGosus Michx. American Red Raspberry. 
Common in thickets and open woods throughout region. 
SPmAEA ALBA Du Roi. Prairie Spiraea. 
Spiraea salicifolia of Am. auth., not L. 
Collected on prairie near Ridgeway. 
SoRBUS AucuPARIA (L.) Ehrh. Mountain Ash. 
Escape on edge of oak-hickory woods at Conover. 
LEGUMINOSAE (Pea Family) 
AMORPHA CANESCENS Pursh. Lead Plant. Shoe String. 
Common low shrub on prairies and sunny hillsides. 
AMORPHA FRUTICOSA L. False Indigo. 
Frequent in valleys on edge of rivers and swamps. 
AMPHICARPA BRACTEATA (L.) Fernald. Hog Peanut. 
See Rhodora 35: 276. 1933. 
Amphicarpa monoica (L.) Ell. 
Frequent in open woods throughout the region. 
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APIOS AMERICANA Medic. Groundnut. 
See Rhodora 36: 88-89. 1934. 
Apios tuberosa Moench. 
Collected at Freeport in swamp and on prairie near Cahnar. 
AsTRAGALus CANADENSIS L. Canada Milk Vetch. 
Collected on prairie near Calmar. 
AsTRAGALUS CARYOCARPUS Ker. Ground Plum. 
Collected at Decorah on sunny, rocky, well drained hillside. 
BAPTISIA LEUCANTHA T. & G. White Wild Indigo. 
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Common herb on prairie along Milwaukee Railroad from Calmar 
to Ridgeway. 
BAPTISIA LEUCOPHAEA Nutt. Yellow Wild Indigo. 
B. bracteata of auth., not of (Muhl.) Ell. 
Frequent on prairie along Milwaukee Railroad from Calmar to 
Ridgeway. Not as common as Baptisia leucantha. 
CARAGANA ARBORESCENS Lam. Shrubby Pea Tree. 
Planted in lawn at Decorah. 
CASSIA FASCICULATA Michx. Partridge Pea. 
C. chamaecrista of auth., not L. 
Found at Hanover in Allamakee County in Upper Iowa River Val-
ley on sandy soils and in gravel pits. 
CROTALARIA SAGITTALIS L. Rattle-box Weed. 
Collected only near New Albin along Milwaukee Railroad in gravel 
along railroad. 
DESMODIUM ACUMINATUM Michx. Pointed-leaved Tick-trefoil. 
Desmodium grandiflorum (Walt.) DC. 
Growing in upland red and white oak woods. 
DESMODIUM CANADENSE (L.) DC. Canadian Tick-trefoil. 
Common on prairies and in open woods. 
DESMODIUM ILLINOENSE Gray. Illinois Tick-trefoil. 
In Hanover Township on sandy river terrace. 
GLEDITSIA TRIACANTHos L. Honey Locust. 
At Fort Atkinson a single tree was found on flood plain and also at 
Marquette in Mississippi Valley. 
GYMNOCLADUS DIOICA (L.) Koch. Kentucky Coffee Tree. 
Rare in Mississippi River Valley at Lansing. 
LATHYRUS OCHROLEucus Hook. White Sweet Pea. 
Rare in upland open red oak woods. 
LATHYRUS PALUSTRIS L. Swamp Sweet Pea. 
Rare in swamp two miles south of Lansing in Mississippi River 
Valley. 
LATHYRUS VENosus Muhl. Prairie Sweet Pea. 
Common on prairies and open woods throughout region. 
LESPEDEZA CAPITATA Michx. Round-headed Bush Clover. 
Common on prairies and sunny hillsides. 
LESPEDEZA LEPTOSTACHYA Engelm. 
Collected on prairie near Ridgeway. 
LUPINUS PERENNIS L. Perennial Lupine. 
Collected by Holway at Decorah, June 4, 1893. I . S. C. Herbarium 
28,811. 
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MEDICAGO LUPULINA L. Black or Hop Medic. 
A weedy plant along roadsides and waste places. 
MEDICAGO SATIVA L. Alfalfa. 
A common escape from cultivation. 
MELILOTUS ALBA Desv. White Sweet Clover. 
A common escape from cultivation, establishing itself everywhere, 
crowding out the native vegetation. 
MELILOTUS OFFICINALIS (L.) Lam. Yellow Sweet Clover. 
With characteristics of M. alba but not as common. 
PETALOSTEMON CANDIDUS (Willd.) Kuntz. White Prairie Clover. 
Common on prairies and sunny hillsides. 
PETALOSTEMON PURPUREUM (Vent.) Rydb. Purple Prairie Clover. 
Common on prairies. 
PsoRALEA ARGOPHYLLA Pursh. Silver-leaf Psoralea. 
Rare on sandy river terrace in Hanover Township. 
PsoRALEA ESCULENTA Pursh. Prairie Apple or Pomme de Terre. 
Rare on sunny hillside at Decorah. 
ROBINIA PsEuno-AcAcIA L . Black Locust. 
Planted in lawns at Decorah. 
STROPHOSTYLES HELVOLA (L.) Britton. Trailing Wild Bean. 
In fields of sandy soil four miles south of Lansing in Mississippi 
River Valley. 
TEPHROSIA VIRGINIANA (L.) Pers. Hoary Pea. 
Rare on sandy river terraces in Upper Iowa River Valley ten miles 
west of New Albin. 
ThIFOLIUM HYBRIDUM L. Hybrid Clover, Alsike Clover. 
Common throughout the region. Introduced from Europe. 
ThIFOLIUM PRATENSE L . Red Clover. 
Common escape from cultivation. 
TRIFOLIUM PROCUMBENS L. Low Hop-Clover. 
A weedy plant in disturbed land. 
ThIFOLIUM REPENS L. White Clover. 
On habitat similar to the above species. 
VIcIA AMERICANA Muhl. American Vetch. 
Common on upland prairies and along roads. 
VICIA SATIVA L. 
Collected at Calmar on prairie along Milwaukee Railroad. 
VICIA VILLOSA L. Hairy Vetch. 
Collected in Pleasant Township along roadside. 
LINACEAE (Flax Family) 
LmuM SULCATUM Riddell. Wild Yellow Flax. 
On sunny hillsides and prairie uplands. 
LINUM USITATISSIMUM L. Domestic Flax. 
An occasional escape from cultivation. 
OXALIDACEAE (Oxalis Family) 
0XALIS STRICTA L. Yellow Wood-sorrel. 
Common weedy plant throughout region. 
OxALIS VIOLACEA L. Violet Wood-sorrel. 
Common on sunny, rocky hillsides and prairies. 
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GERANIACEAE (Geranium Family) 
GERANIUM MACULATUM L . Wild Geranium. 
Common in upland oak woods. 
RUTACEAE (Rue Family) 
ZANTHOXYL UM AMERICANUM Mill. Prickly Ash. 
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Common shrub in open woods in river valleys. Generally grows 
in large colonies. 
POLYGALACEAE (Milkwort Family) 
PoL YGALA SANGUINEA L. Purple Milkwort. 
Common on prairie especially where soil has been disturbed. 
PoLYGALA SENEGAL. Seneca Snakeroot. 
Common in open woods and on upland prairie. 
POLYGALA VERTICILLATA L. Whorled Milkwort. 
Collected one mile east of Ridgeway on lowland prairie. 
EUPHORBIACEAE (Spurge Family) 
AcAL YPHA VIRGINICA L. Virginia Three-seeded Mercury. 
Common in shady woods and swamps. 
EuPHORBIA COMMUTATA (Engelm.) Kl. & Garcke. Tinted Spurge. 
Collected on sandy bank along river at Upper Dam. 
EuPHORBIA COROLLATA L. Flowering Spurge. 
Common on upland prairies, sunny hillsides, open woods, and even 
an early perennial invader in denuded lands. 
EuPHORBIA CYPARISSIAS L. Cypress Spurge. 
An escape near graveyards. European. 
EuPHORBIA EsuLA L. Leafy Spurge. 
See Rh. 39: 49-50. 1937. Certain Botanists claim that E. virgata 
Waldst. & Kit., but not E. Esula occurs in America. However, the 
two have not been shown to be distinct. 
Collected at Canoe Creek Church. Rare in this region. 
EuPHORBIA HETEROPHYLLA L. Various-leaved Spurge. 
In sandy soils and open places at Upper Dam and in valley of the 
Upper Iowa River in Hanover Township. 
EuPHORBIA GLYPTOSPERMA Engelm. Ridge-seeded Spurge. 
A weedy plant growing in sandy soil. 
EuPHORBIA MACULATA L. Spotted Spurge. 
A weedy plant growing in fields and waste places. 
EuPHORBIA MARGINATA Pursh. Snow-on-the-Mountain. 
An escape from gardens; a southern species. 
EUPHORBIA PRESLII Guss. Upright Spotted Spurge. 
Common weedy plant in open places, fields, gardens, and railroad 
tracks. 
ANACARDIACEAE (Sumac Family) 
RHus TYPHINA L. Staghorn Sumac. 
Rhus hirta (L.) Sudworth. 
On Edge of woods on south hillside in Mississippi Valley. 
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RHus GLABRA L. Smooth Upland Sumac. 
Common shrub on prairies, open, sunny hillsides, and woods. Com-
mon pioneer of woody vegetation. 
RHus Tox1conENDRON L. Poison Ivy. 
Common on upland prairies and thickets. 
CELASTRACEAE (Staff Tree Family) 
CELASTRUS SCANDENS L. Bitter Sweet. 
In open woods and thickets, limestone cliffs, and prairies. 
EvoNYMUS ATROPURPUREUS Jacq. Wahoo. 
In moist woods in valleys. 
STAPHYLEACEAE (Bladder Nut Family) 
STAPHYLEA TRIFOLIA L. American Bladdernut. 
Common in moist, thick linden-maple woods, especially on south 
hillsides. 
ACERACEAE (Maple Family) 
ACER NEGUNDO L. 
Common in open woods, and along edges of fields. 
AcER PLATANOIDES L. Norway Maple. 
Occasionally planted in lawns. 
ACER SACCHARINUM L. Soft Sugar Maple. 
Common in river valleys, especially along river banks. Commonly 
planted as a shade tree. 
ACER SACCHARUM Marsh. Sugar Maple. 
Common tree, especially on the south hillsides, in the Mississippi 
Valley. Not as common as the variety. 
ACER SACCHARUM Marsh. var. NIGRUM (Michx. f.) Britton. Black Sugar 
Maple. 
A dominant tree in the climax forest of the region. 
AcER SPICATUM Lam. Mountain Maple. 
A rare tree in linden-maple woods along west hillsides of Missis-
sippi River Valley at Lansing. 
SAPINDACEAE (Soapberry Family) 
AEscuLus GLABRA Willd. Ohio Buckeye. 
Planted in lawns in Decorah. 
AEscuLus HIPPOCASTANUM L. Horse Chestnut. 
Planted in lawns at Decorah. 
BALSAMINACEAE (Touch-me-not Family) 
IMPATIENS BIFLORA Walt. Orange Touch-me-not. 
Common in swamp land at spring horizon and in moist, shady 
woods. 
IMPATIENS PALLIDA Nutt. Yellow Touch-me-not. 
In habitats similar to the above species. 
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RHAMNACEAE (Buckthorn Family) 
RHAMNUS ALNIFOLIA L'Her. Alder-leaved Buckthorn. 
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Occasionally found on moist, south hillsides on calcareous talus in 
open woods along Dugway road at Decorah, and three miles west of 
Decorah in Upper Iowa River Valley. 
CEANOTHUS AMERICANUS L. New Jersey Tea. 
Common on prairies and open woods throughout the region. 
CEANOTHUS OVATUS Des£. var. PUBESCENS T. & G. Small Red-root. 
Rare on sunny hillsides in Hanover Township and four miles north 
of Lansing on Mississippi Valley hills. 
VIT ACEAE (Vine Family) 
PARTHENocxssus QUINQUEFOLIA (L.) Planch. Virginia Creeper. 
Psedera quinquefolia (L.) Greene. 
Common on buildings, fences, and in open woods. 
VITIS VULPINA L. Wolf Grape. 
Common in thickets in valleys throughout the region. 
VITIS BICOLOR Le Conte. Winter Grape. 
Rare on hills in the vicinity of McGregor. 
TILIACEAE (Linden Family) 
TILIA GLABRA Vent. Basswood, Linden. 
See Bot. Gaz. 66: 424. 1918. Bul. Torr. Bot. Club 54: 235. 1927. 
Tilia americana L. in part. 
A climax species associated with black maple on protected hillsides. 
MALVACEAE (Mallow Family) 
ABUTILON THEOPHRASTI Medic. Velvet Leaf. 
Common weed in valley corn fields. 
ALTHAEA ROSEA Cav. Hollyhock. 
An escape from cultivation. 
CALLIRRHOE TRIANGULATA (Leavenw.) Gray. Poppy-mallow. 
Collected on sandy river terraces in Upper Iowa River Valley four 
miles west of New Albin. 
Hmxscus MILITARIS Cav. Rose Mallow. 
Rare plant in swampy lands in Mississippi Valley. 
Hmxscus TRIONUM L. Venice Mallow. Flower-of-the-Hour. 
A weedy plant on sandy soils at Decorah. 
MALVA VERTICILLATA L. Whorled Mallow. 
A weedy plant in barnyards, gardens, etc. Rare. 
MALVA ROTUNDIFOLIA L. Cheeses. 
A weedy plant common in barn yards, gardens, and roadsides. 
NAPAEA DIOICA L. Glade Mallow. 
Frequent plant in open, weedy pastures in Upper Iowa River Val-
ley at Decorah and Bluffton. 
HYPERICACEAE (St. John's-wort Family) 
HYPERICUM AscYRON L. St. John's-wort. 
Rare plant on open prairie. 
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HYPERICUM CANADENSE L. 
On moist, low land of prairie in Winneshiek County. 
HYPERICUM MUTILUM L. Slender St. John's-wort. 
At McGregor in moist, swampy locations and on lowland prairie 
east of Ridgeway. 
HYPERICUM PERFORATUM L. Common St. John's-wort. 
A weedy plant collected on prairie several miles west of Waukon 
along highway. 
HYPERICUM PUNCTATUM Lam. Spotted St. John's-wort. 
In open woods throughout the region. 
CISTACEAE (Rockrose Family) 
HELIANTHEMUM VILLOSA Ell. Pinweed. 
See Rhodora 21: 36. 1919. 
H elianthemum majus Michx. 
On upland prairies and steep hillsides. 
LECHEA TENUIFOLIA Michx. Pinweed. 
On sandy soil of river terrace in Hanover Township. 
VIOLACEAE (Violet Family) 
VIOLA CANADENSIS L. Canadian Violet. 
In woods on south hillside along Dugway road at Decorah. 
VIOLA PAPILIONACEA Pursh. Hooded Blue Violet. 
In woods throughout area. 
VIOLA ERIOCARPA Schw. Yellow Violet. 
See Rhodora 23: 275. 1922. 
Viola scabriuscula Schwein. 
Common in woods throughout the region. 
VIOLA PEDATA L. Bird-foot or Crow-foot Violet. 
Collected on prairie near Calmar and on sandy river terrace near 
Upper Dam in Upper Iowa Valley and in Mississippi Valley north of 
Lansing on sandy soil. 
VIOLA PEDATIFIDA Don. Prairie Violet. 
Common on upland prairies. 
VIOLA SORORIA Willd. 
Common in woods throughout the region. 
CACTACEAE (Cactus Family) 
0PUNTIA RAFINESQII Engelm. Prickly Pear Cactus. 
Collected by Ada Hayden on sandy talus below cliff six miles north-
east of Elon along Village Creek in Allamakee County. 
THYMELAEACEAE (Mezereum Family) 
DmcA PALUSTRIS L. Leatherwood. 
A small shrub in linden-maple woods in Canoe Creek Valley and 
two miles south of Lansing. 
ELAEAGNACEAE (Oleaster Family) 
ELAEAGNUS ANGUSTIFOLIA L. Russian Olive. 
Planted in lawns at Decorah. 
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L YTHRACEAE (Loosestrife Family) 
LYTHRUM ALATUM Pursh. Winged Loosestrife. 
Common in swamps and at springs throughout the region. 
ONAGRACEAE (Evening Primrose Family) 
CmcAEA ALPINA L. Small Enchanter's Nightshade. 
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Rare in moist, cool, linden-maple woods on south hillside beneath 
high cliff. 
CmcAEA LATIFOLIA Hill. Enchanter's Nightshade. 
See Rhodora 19: 87. 1917. 
Circaea lutetiana of Am. auth., not L. 
Common in upland oak woods. 
EPILOBIUM ANGUSTIFOLIUM L. Narrow-leaved Willow-herb. 
On recently disturbed soil along road near Decorah and Conover. 
EPILOBIUM COLORATUM Muhl. Purple-leaved Willow-herb. 
I. S. C. Herbarium 71,927. Collected in Winneshiek County by 
Herbert Goddard, July 6, 1895. 
EPILOBIUM ADENOCAULON Haussk. Northern Willow-herb. 
I. S. C. Herbarium 15,010. Collected in Winneshiek County along 
Yellow River, July 27, 1924, by L. H. Pammel. 
LUDWIGIA POLYCARPA Short and Peter. Many Fruited Ludwigia. 
On edge of pond in Mississippi Valley. 
OENOTHERA BIENNIS L. Evening Primrose. 
On upland prairies and waste lands. 
0ENOTHERA SERRULATA Nutt. Tooth-leaved Primrose. 
Common on sunny hillsides and well drained prairies. 
0ENOTHERA PERENNIS L. Small Sundrops. 
See Bull. Torr. Bot. Club, 64: 287-304. 1937. 
0. pumila L. 
In low prairie land one mile east of Ridgeway. 
0ENOTHERA RHOMBIPETALA Nutt. Rhombic-petalled Primrose. 
On sandy river terraces near Freeport and in Hanover Township 
in old, idle fields. 
ARALIACEAE (Ginseng Family) 
ARALIA RACEMOSA L. American Spikenard. 
Frequent in linden-maple woods, especially in deep ravines. 
ARALIA NUDICAULIS L. Virginian Sarsaparilla. 
Common in upland oak woods. 
PANAX QUINQUEFOLIUM L. Ginseng. 
Formerly common in very shady linden-maple woods, but now 
rare because of extensive collecting of its roots, which are of medical 
value. 
UMBELLIFERAE (Parsley Family) 
ANGELICA ATROPURPUREA L. Great Purple-stemmed Angelica. 
Not common in alluvial soils along rivers. 
CARUM CARVI L. Caraway. 
A common escape from cultivation. 
C1cuTA MACULATA L. Water Hemlock. 
In swamp on prairies near Calmar and Ridgeway. 
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CoNIUM MACULATUM L. Poison Hemlock. 
In alluvial soil at Decorah. 
CRYPTOTAENIA CANADENSIS (L.) DC. Honewort. 
Common in moist woods. 
DAucus CAROTA L . Carrot. 
A weed entering prairie along roadways in Allamakee County. 
ERYNGIUM YUCCIFOLIUM Michx. Button Snakeroot. 
Common on upland prairies at Calmar and Ridgeway. 
HERACLEUM LANATUM Michx. Cow-parsnip. 
Occasionally found in low open lands on alluvial soils. 
OsMORRHIZA CLAYTON! (Michx.) Clarke. Woolly Sweet Cicely. 
Frequent in woods throughout the area. 
OsMORRHIZA LONGISTYLIS (Torr.) DC. Anise-root. 
In habitats similar to the above species. 
PsEUDOTAENIDIA NuTTALLII DC. False Taenidia. 
Rare on prairie land in Madison Township. 
PASTINACA SATIVA L. Parsnip. 
A weedy plant frequenting roadsides and waste places. 
SANICULA CANADENSIS L. Short-styled Snakeroot. 
Common in upland oak woods. 
SANICULA GREGARIA Bicknell. Clustered Snakeroot. 
Common in woods throughout the region. 
SANICULA MARILANDICA L. Black Snakeroot. 
Common in woods throughout the region. 
SIUM CICUTAEFOLIUM Schrank. Hemlock Water-Parsnip. 
In swamps in Mississippi Valley at Marquette. 
TAENIDIA INTEGERRIMA (L.) Drude. Yellow Pimpernell. 
Frequent on prairies and open woods. 
THASPIUM BARBINODE (Michx.) Nutt. Hairy Jointed Meadow Parsnip. 
Collected at McGregor in open oak-hickory woods. 
ZIZIA AUREA (L.) Koch. Golden Meadow-Parsnip. 
Common on prairies and open woods throughout the region. 
ZIZIA CORDATA (Walt.) DC. Heart-leaved Alexander. 
On prairies at Calmar and Ridgeway. Not as common as the above 
sp~cies. 
CORNACEAE (Dogwood Family) 
CoRNUS ALTERNIFOLIA L. Alternate-leaved Dogwood. 
In woods throughout the region. 
CoRNUS OBLIQUA Raf. Kinnikinnik. 
Camus Amomum of Auth. in part not Mill. 
Along banks and rivers. 
CoRNUS RACEMOSA Lam. Panicled Dogwood. 
Camus paniculata L'Her. 
Camus candidissima Marsh. 
Camus femina of auth., not Mill. 
A common shrub in upland oak and hickory woods, sometimes on 
the prairie. 
CoRNUS RUGOSA Lam. Broad-leaved Dogwood. 
Camus circinata L'Her. 
Collected in upland open woods at McGregor and Bluffton. 
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CoRNUS STOLONIFERA Michx. Red-osier Dogwood. 
In Upper Iowa River Valley on limestone rocks on shady hillside 
at Pulpit Rock Park and three miles west of Decorah. 
ERICACEAE (Heath Family) 
MoNOTROPA UNIFLORA L. Indian's Pipe. 
Rare in rich humus soil in linden-maple woods in Hanover Town-
ship in Allamakee County. 
PYROLA ELLIPTICA Nutt. Shin-leaf. 
Collected in linden-maple woods in Hanover Township and in 
upland oak woods at Conover Station. 
PYROLA SECUNDA L . One-sided Wintergreen. 
I . S. C. Herbarium 71,965. Collected by Holway near Decorah, 
July 2, 1893. 
VACCINIUM CANADENSE Kalm. Canadian Blueberry. 
Collected on Pike's Peak near McGregor in open woods of paper 
birch on sandy soil from St. Peter sandstone. 
PRIMULACEAE (Primrose Family) 
ANDROSACE OCCIDENTALIS Pursh. Androsace. 
In limestone rocky soil on wind-swept hilltops at Decorah. 
DonECATHEON AMETHYSTINUM (Fassett) Fassett. Cliff Shooting Star. 
See Rhodora 31: 52. 1929, and Rhodora 33: 255. 1931. 
Dodecatheon Meadia L. var. amethystinum Fassett. 
In linden-maple woods on sandstone and limestone cliff on top of 
west hillside in Mississippi River Valley four miles north of Lansing. 
LYSIMACHIA CILIATA L . Fringed Loosestrife. 
See Rhodora 39. 1937. 
Steironema ciliatum (L.) Raf. 
In weed patches in swamps, meadows and along r ivers throughout 
the region. 
LYSIMACHIA HYBRIDA Michx. Lance-leaved Loosestrife. 
See Rhodora 39. 1937. 
Steironema lanceolatum (Walt.) Gray in part. 
Along banks of the Mississippi River at Marquette. 
LYSIMACHIA NuMMULARIA L . Moneywort. 
On open hillside at Lower Dam and in soft maple woods in Missis-
sippi River Valley at McGregor. European. 
LYSIMACHIA QUADRIFLORA Walt. Linear-leaved Loosetrife. 
See Rhodora 39: 1. 1937. 
Steironema quadriflorum (Walt.) Gray. 
Common in upland prairie meadows and swamps near Ridgeway 
and Calmar. · 
LYSIMACHIA TERRESTRIS (L.) BSP. Bulb-bearing Loosestrife. 
In Mississippi Valley swamp north of Lansing. 
LYSIMACHIA THYRSIFLORA L. Tufted Loosestrife. 
Rare in dried up Mississippi Valley slough one mile south of 
Lansing. 
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OLEACEAE (Olive Family) 
FRAXINUS CAMPESTRIS Britton. W estem Green Ash. 
Collected in Upper Iowa River Valley at Decorah. 
FRAXINUS LANCEOLATA Borkh. Eastern Green Ash. 
Fraxinus pennsylvanica lanceolata (Borkh.) Sarg. 
Common in river valleys throughout the region; forms an import-
ant part of the valley woods. 
FRAXINUS NIGRA Marsh. Black Ash. 
Occasional tree along rivers and creek!. 
FRAXINUS PENNSYLVANICA Marsh. Red Ash. 
Collected on sunny hillside near Freeport. 
GENTIANACEAE (Gentian Family) 
GENTIANA ANDREWSII Griseb. Closed Gentian. 
On swampy prairie land near Ridgeway and on edge of swamp four 
miles west of New Albin. 
GENTIANA CRINITA Froel. Fringed Gentian. 
Collected on open, south hillside on disturbed soil along new road 
near New Albin, and on prairie lowland near Ridgeway. 
GENTIANA FLAVIDA Gray. Yellow Gentian. 
Occasional on prairie along Milwaukee Railroad between Calmar 
and Ridgeway. 
GENTIANA SAPONARIA L. Soapwort Gentian. 
Rare on prairie along Milwaukee Railroad near Ridgeway. 
GENTIANA PUBERULA Michx. Prairie Gentian. 
Common on well drained prairie land at Calmar and Ridgeway. 
GENTIANA QUINQUEFOLIA L. Stiff Gentiana. 
On shady hillsides near Decorah, under Juniper virginiana trees 
in Hanover Township, and on prairie near Ridgeway. 
APOCYNACEAE (Dogbane Family) 
APocYNUM ANDROSAEMIFOLIUM L. Spreading Dogbane. 
Ori prairies and open woods. 
APocYNUM CANNABINUM L. Indian Hemp. 
A weedy plant in fields and waste places. 
ASCLEPIADACEAE (Milkweed Family) 
AcERATES FLORIDANA (Lam.) Hitchc. 
On sandy hillside in Hanover Township. 
AscLEPIAS AMPLEXICAULIS Sm. Blunt-leaved Milkweed. 
On sandy soils on prairie two miles south of Decorah. 
AscLEPIAS INCARNATA L. Swamp Milkweed. 
Common in swamps at Freeport, prairie swamps at Ridgeway, and 
in Mississippi Valley. 
AscLEPIAS OVALIFOLIA Dec. Oval-leaved Milkweed. 
Rare on prairie two miles east of Calmar. 
AscLEPIAS SYRIACA L. Common Milkweed. 
Common weed throughout the region. 
A FLORA IN NORTHEASTERN IOWA 
AscLEPIAS TUBEROSA L. Butterfly-weed. 
Frequent in open woods and on prairies. 
AscLEPIAS VERTICILLATA L. Whorled Milkweed. 
In sandy soil at Decorah and Hanover Township. 
AscLEPIAS EXALTATA (L.) Muhl. Poke Milkweed. 
Asclepias phytolaccoides Pursh. 
Collected in open woods at Lower Dam and at McGregor. 
CONVOLVULACEAE (Morning-Glory Family) 
CoNVOLVULUS ARVENSIS L. Creeping Jenny. 
In railroad yards at Decorah in well drained gravel and cinders. 
CoNVOLVULUS SEPIUM L. Hedge Bindweed. 
Common weed in fields, prairies, and waste places. 
CuscuTA GRONOVII Willd. Love-vine. 
On Golden-rod in woods at Upper Dam. 
CuscuTA GLOMERATA Chais. Glomerate Dodder. 
Cuscuta paradoxa Raf. 
Parasitic on golden rods on prairie at Conover. 
POLEMONIACEAE (Polemonium Family) 
PHLOX DIVARICATA L. Woodland Phlox. 
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Common in valley woods on alluvial soils and on the hillsides in 
linden-maple woods. 
Pm;.ox MACULATA L. Spotted-leaf Phlox. 
On swampy prairie land near Ridgeway. 
PHLOX PILOSA L. Prairie Phlox. 
Common plant on prairies and open woods on well drained soils. 
PoLEMONIUM REPTANS L. Creeping False Blue-bell. 
In open bur oak woods near Decorah. 
HYDROPHYLLACEAE (Waterleaf Family) 
ELLISIA NYCTELEA L. Nyctelea. 
In moist valley woods on alluvial soils. An annual plant making 
quick early growth and maturing early. 
HYDROPHYLLUM APPENDICULATUM Michx. Appendaged Water-leaf. 
In linden-maple woods at mouth of Canoe Creek. 
HYDROPHYLLUM VIRGINIANUM L. Virginia Water-leaf. 
Common spring flower on the alluvial plains and in the linden-
maple woods throughout the region. 
BORAGINACEAE (Borage Family) 
CYNoGLossuM OFFICINALE L. Gipsy Flower. 
In woods around farm yards in vicinity of Decorah. 
LAPPULA ECHINATA Gilbert. Stickse~d. 
Growing in pasture on sunny hillside at Decorah. 
LAPPULA REDOWSit:II (Hornem.) Green var. OCCIDENTALIS (Wats.) Rydb. 
I. S. C. Herbarium 92,186; collected by R. I. Cratty at Decorah, 
July, 1882. 
LAPPULA VIRGINIANA (L.) Greene. Virginia Stickseed. 
Common in open woods or in cut-over wood areas. 
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LITHOSPERMUM ANGUSTIFOLIUM Michx. Narrow-leaved Puccoon. 
Collected in Hanover Township in Allamakee County on sandy 
river terrace. 
LITHOSPERMUM CANESCENS (Michx.) Hitchc. Hoary Puccoon. 
Common on well drained prairie lands and sunny hillsides. 
LITHOSPERMUM GMELINI (Michx.) Hitchc. Hairy Puccoon. 
On sandy river terrace at Freeport and four miles west of New 
Albin in Upper Iowa River Valley. 
LITHOSPERMUM LATIFOLIUM Michx. Broad-leaved Puccoon. 
In oak-hickory woods on north hillside in Pallisade Park at De-
corah. 
MERTENSIA PANICULATA (Ait.) G. Don. Tall Lungwort. 
I. S. C. Herbarium 92,092; collected by R. I. Cratty, May 29, 1881, 
at Decorah. 
MERTENSIA VIRGINICA (L.) Link. False Blue Bell. Lungwort. 
Common in vicinity of Decorah on flood plains. 
0NOSMODIUM OCCIDENTALE Mackenzie. Western Gromwell. 
On sunny hillside on river terrace in Hanover Township. 
VERBENACEAE (Vervain Family) 
LIPPIA LANCEOLATA Michx. Frog Fruit. 
.. On banks of sloughs in the Mississippi River Valley. 
VERBENA BRACTEATA Lag. & Rodr. Blue Vervain. 
See Ann. Mo. Bot. Gard. 20: 304. 1933. 
Verbena bracteosa Michx. 
Common weed in alluvial pastures. 
VERBENA HASTATA L. Blue Vervain. 
In moist location in alluvial pastures and swamps. 
VERBENA SIMPLEX Lehm. Narrow-leaved Vervain. 
See Ann. Mo. Bot. Gard. 20: 282. 
Verbena angustif olia Michx. 
Common weed in alluvial pastures. 
VERBENA STRICTA Vent. 
A weedy plant in pastures, roadsides, and waste places. 
VERBENA URTICAEFOLIA L. White Vervain. 
On edge of swamp near Freeport and in alluvial pastures. 
LABIATAE (Mint Family) 
AGASTACHE NEPETOIDES (L.) Ktze. Giant Hyssop. 
In weed patch on edge of field in Upper Iowa River Valley four 
miles west of New Albin. 
AGASTACHE SCROPHULARIAEFOLIA (Willd.) Ktze. Figwort. 
Common in habitats similar to the above species. 
BLEPHILIA HIRSUTA (Pursh.) Benth. Hairy Blephilia. 
In linden-maple woods in Upper Iowa River Valley in Allamakee 
County and in Mississippi Xalley near McGregor. 
HEDEOMA HISPIDA Pursh. 
Frequent on sunny, rocky hillsides. 
IsANTHUS BRACHIATUS (L.) BSP. False Pennyroyal. 
On limestone rocks on sunny hillsides at Decorah. 
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GALEOPSIS TETRAHIT L . Hemp-nettle. 
Collected at Fort Atkinson in dried up pond. European. 
LEONURUS CARDIACA L . Motherwort. 
Common weed around farm yards and dwellings. European. 
LYCOPUS AMERICANUS Muhl. Cut-leaved Water Horehound. 
Collected along stream at Fort Atkinson. 
LYCOPUS VIRGINicus L. Bugle Weed. 
Collected in swamps near Ridgeway and Cahnar. 
MENTHA CANADENSIS L. Canadian Mint. 
Common in swampy areas throughout the region. 
MENTHA GENTILIS L. Creeping or Downy Whorled Mint. 
In swampy land one mile north of Freeport. 
MoNARDA MOLLIS L. Blue Horse Mint. 
Common weedy plant in open woods, pastures, prairies and along 
edges of fields. 
MoNARDA PVNCTATA L. Spotted Horse Mint. 
On sandy soil of river terraces in Upper Iowa River Valley in Alla-
makee County. 
NEPETA CATARIA L. Catnip. 
Common around dwellings and barns. European. 
NEPETA HEDERACEA (L.) Trevisan. Ground Ivy. 
Frequent in moist valley woods. 
P HYSOSTEGIA PARVIFLORA Nutt. 
Common in moist, alluvial soil along ponds, sloughs, and swamps. 
PRUNELLA VULGARIS L. Self-heal. Heal-all. 
Common in open woods, pastures, and meadows. 
PYCNANTHEMUM VIRGINIANUM (L.) Durand and Jackson. Mountain Mint. 
Frequent on prairies and borders of fields. 
SALVIA LANCEAEFOLIA Poir. 
A weedy plant in sandy soil in pastures near Freeport. 
$cuTELLARIA OVATA Hill. Heart-leaved Skullcap. 
See Contr. U. S. Nat. Herb. 22: 734. 1927. 
Scutellaria cordifolia Muhl. 
Scutellaria versicolor Nutt. 
Rare in oak-hickory woods at Lower Dam and across river from 
McGregor. 
ScuTELLARIA LATERIFLORA L. Blue Skullcap. 
Common along river banks and sloughs. 
ScuTELLARIA PARVULA Michx. Small Skullcap. 
Frequent on sunny, rocky hillsides. 
STACHYS ASPERA Michx. Rough Hedge Nettle. 
Common in weed patches in moist open woods, along edges of valley 
fields and roadsides. 
STACHYS PALUSTRIS L. Marsh Hedge Nettle. 
In swamp prairie lands near Calmar. 
TEucRIUM CANADENSE L. 
Common weedy plant in barn yards, roadsides, railroad tracks. 
SOLANACEAE (Nightshade Family) 
DATURA TATULA L. Jimson-weed. 
Growing in corn field near Union City. 
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DATURA STRAMONIUM L . Jimson-weed. 
In barn yard near Ridgeway. 
PHYSALIS HETEROPHYLLA Nees. Ground Cherry. 
On sandy river terrace near Freeport. 
PHYSALIS SUBGLABRATA Mackenzie and Bush. 
Growing in field in Hanover Township in Upper Iowa Valley. 
PHYSALIS VIRGINIANA Mill. Virginia Ground Cherry. 
Common on prairies in well drained areas. 
SoLANUM CAROLINENSE L. Horse Nettle. 
In corn field in Upper Iowa River Valley. 
SoLANUM DULCAMARA L. Climbing Nightshade. 
Common vine in yards and gardens. European. 
SoLANUM NIGRUM L. Black Nightshade. 
Common weed in waste places, along roads and in gardens. 
SoLANUM ROSTRATUM Dunal. Buffalo-bur. Prickly Nightshade. 
On sandy river terrace in Hanover Township near farm yard. 
SCROPHULARIACEAE (Figwort Family) 
GERARDIA ASPERA Dougl. Rough Purple Gerardia. 
See Pennell Scroph. of E. Tern. N. A ., p. 428. 1935. 
Agalinis asper (Doug!.) Britton. 
On sunny, north hillsides in Mississippi River Valley north of 
Lansing. 
GERARDIA TENUIFOLIA var. MACROPHYLLA (Benth.) Blake. 
See Pennell Scroph. of E. Tern. N. A., p. 462. 1935. 
GERARDIA TENUIFOLIA var. MACROPHYLLA (Benth.) Blake. 
Common in swampy areas on prairie near Ridgeway and in Missis-
sippi and Upper Iowa River Valleys. 
CASTILLEJA COCCINEA (L.) Spreng. Indian Paint Brush. 
I. S. C. Herbarium 38,553; collected by Holway, May 21, 1881, near 
Decorah. I. S. C. Herbarium 72,261; collected by Goddard, May 9, 
1895, near Decorah. 
CASTILLEJA SESSILIFLORA Pursh. Prairie or Downy Painted-cup. 
On sunny rocky hillside at Decorah. 
CHELONE GLABRA L. Snake-head. Turtle-head. 
In swamp near Freeport and along shores of rivers. 
ILYSANTHES DUBIA (L.) Barnhart. Long-stalked False P impernel. 
Common on muddy banks of Upper Iowa River and Mississippi 
sloughs. 
GRATIOLA NEGLECTA Torrey. Hedge Hyssop. 
See Pennell Scroph. of E . Tern. N. A ., p. 428. 1935. 
Rhodora 34: 147. 1932. 
Gratiola lutea glaberrima Fernald. 
Along banks of a slough in Mississippi River Valley near New Albin. 
LINARIA MINOR Desf. Small Snap Dragon. 
Chaenorrhinum minus (L.) Lange. 
Along railroad track near McGregor in gravelly and ashy soil. 
LINARIA VULGARIS Hill. Butter and Eggs. 
In waste places throughout the region. 
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MIMULUS RINGENS L . 
In Mississippi River Valley swamps and along rivers throughout 
the region. 
PEDICULARIS CANADENSIS L. Wood Betony. 
In woods on south hillside near Decorah and on prairie lowland 
three miles north of Oelwein. 
PEDICULARIS LANCEOLATA Michx. Swamp Lousewort. 
In swamp near Freeport and four miles west of New Albin. 
ScROPHULARIA LANCEOLATA Pursh. Bare Figwort or Leopard Figwort. 
See Torreya 22: 81-84. 1922. 
Scrophularia leporella Bicknell. 
In weed patches in Upper Iowa River Valley and on prairies. 
ScROPHULARIA MARILANDICA L . Figwort. 
In weed patches in Upper Iowa River Valley. 
VERBASCUM THAPSUS L . Mullein. 
Common weed in pastures. 
VERONICA .ANAGALLIS-AQUATICA L . Water Speedwell. 
In water of outlet at springs around Decorah. 
VERONICA PEREGRINA L . Purslane Speedwell. 
On edges of river and sloughs in moist alluvial soil. 
VERONICASTRUM VIRGINICUM (L.) Farwell. Culver's-root. 
See Drug Circ. 61: 231. 1917. 
Veronica virginica L. 
Frequent on prairies. 
BIGNONIACEAE (Bignonia Family) 
CATALPA SPECIOSA Warder. Large Catalpa. 
Planted in lawns at Decorah. 
CATALPA BIGNONIOIDES Walt. Small Catalpa. Indian Smoking Bean. 
Planted in lawns at Decorah. 
PHRYMACEAE (Lopseed Family) 
PHRYMA LEPTOSTACHYA L . Lopseed. 
Frequent in oak woods throughout the region. 
PLANTAGINACEAE (Plantain Family) 
PLANTAGO MAJOR L. Large Plantain. 
A common weed in lawns and similar locations. 
PLANTAGO RuGELII Dene. 
In habitats similar to P. major. 
RUBIACEAE (Madder Family) 
CEPHALANTHUS occmENTALIS L . Button-bush. Globe-flower. 
Along banks of Mississippi River at Marquette and McGregor. 
GALIUM APARINE L . Cleavers. 
Common vernal species in valley woods. 
GALIUM ASPRELLUM Michx. Rough Bedstraw. 
In swamp n ear Freeport and four miles west of New Albin. 
GALIUM BOREALE L . Northern Bedstraw. 
Common on prairies and open woods. 
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GALIUM cmcAEZANS Michx. Cross-cleavers. 
In linden-maple woods in vicinity of McGregor. 
GALIUM CONCINNUM T. & G. Shining Bedstraw. 
Frequent in open woods. 
GALIUM TINCTORIUM L. Stiff Marsh Bedstraw. 
In swamp two miles south of Lansing and in soft maple woods along 
Mississippi Valley slough in vicinity of McGregor. 
GALIUM TRIFLORUM L. Fragrant Bedstraw. 
· Common in linden-maple woods of the area. 
CAPRIFOLIACEAE (Honeysuckle Family) 
AnoxA MoscHATELLINA L. Musk-root. 
In linden-maple woods, usually at bottom of tree trunks where 
dead leaves do not lodge. 
DmRVILLA LoNICERA Mill. Bush Honeysuckle. 
Common on shady hillsides usually in open woods. 
LINNAEA BOREALIS L. var. AMERICANA (Forbes) Rehder. Twin Flower. 
I . S. C. Herbarium 36,061; collected by E. H. Case at Decorah, June 
19, 1893. 
LoNICERA DIOICA var. GLAUCESCENS (Rydb.) Butters. Bush Honeysuckle. 
See Rosendahl and Butters, Minnesota Trees and Shrubs. 
L. glaucescens Rydb. 
In open woods on south hillside at Decorah. 
LoNICERA PROLIFERA (Kirchner) Rehder. Bush Honeysuckle. 
Common on calcareous cliffs and rocks and open woods. 
LoNICERA SEMPERVIRENS L. Ever-living Honeysuckle. 
Occasionally planted on lawns. 
LoNICERA TATARICA L. Siberian Honeysuckle. 
A common escape from cultivation in open woods and pastures in 
the vicinity of Decorah. 
SYMPHORICARPOS ORBICULATUS Moench. Red Wolf-berry. 
Planted in lawns at Decorah. 
SYMPHORICARPOS occIDENTALIS Hook. Western Wolf-berry. 
Collected on south, sunny hillside at Bluffton and on railroad bank 
near Ossian. 
TRrnsTEUM AURANTIACUM Bicknell. Horse Gentian. 
On north hillsides in open woods of burr oak and hickory. 
ThIOSTEUM PERFOLIATUM L . 
In habitats similar to T. aurantiacum. 
SAMBucus CANADENSIS L. Large or Canadian Elder-berry. 
Common in thickets and open woods in river bottoms. 
SAMBUCUS PUBENS Michx. Red Elder Berry. 
See Fl. Bor. Am. 1: 181. 1803. 
Sambucus racemosa of auth., not Pursh. 
Common in linden-maple and elm-ash woods of flood plains. 
VIBURNUM AFFINE Bush. Smooth-leaved Viburnum. 
See Rhodora 20: 14. 1918. 
V . pu.bescens of auth., not Pursh. 
Frequent in upland oak woods. 
VIBURNUM AFFINE Bush. var. HYPOMALACUM Blake. Pubescent-leaved 
Viburnum. 
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See Rhodora 20: 14. 1918. 
On stage road near Waukon, Allamakee County. 
VmURNUM LENTAGO L. Nanny-berry. 
Frequent in open valley woods. 
VmuRNUM TRILOBUM' Marsh. Cranberry-bush. 
V. Opulus var. americanum (Mill.) Ait. 
Rare in linden-maple woods near Decorah and in Canoe Creek 
Valley six miles north of Decorah. 
VALERIANACEAE (Valerian Family) 
VALERIANA EDULIS Nutt. Valerian. Tobacco-root. 
On east, sunny hillside two miles southeast of Decorah. 
CUCURBITACEAE (Gourd Family) 
EcHINOCYSTIS LOBATA (Mich~.) T. & G: Balsam Apple. Mock Apple. 
In thickets in moist places and alluvial soil along rivers. 
CAMPANULACEAE (Bluebell Family) 
CAMPANULA AMERICANA L: American Bluebell. 
Common in weed patches in valley woods along rivers. 
CAMPANULA APARINOIDES Pursh. Swamp Bluebell. 
In swampy land at small spring in Hanover Township. 
CAMPANULA RAPUNCULOIDES L. European Creeping Bluebell. 
An escape from · cultivation in disturbed areas along road near 
Burr Oak. 
CAMPANULA ROTUNDIFOLIA L. Harebell. Round-leaved Bluebell. 
Common on limestone rocks and cliffs and well drained sunny hill-
sides. 
CAMPANULA ULIGINOSA Rydb. 
Growing on moist hillside under red oak trees in Upper Iowa Val-
ley in Allamakee County. 
SPECULARIA PERFOLIATA (L.) A. DC. Venus' Looking-glass. 
In open pasture near Lansing and at Upper Dam in sandy soils. 
LOBELIACEAE (Lobelia Family) 
LoBELIA CARDIN ALIS L. Cardinal Flower. 
In open woods on heavy, muddy soils in Mississippi Valley near 
Marquette. 
LoBELIA INFLATA L. Indian Tobacco. 
In open woods at small spring in Hanover Township. 
LOBELIA SIPHILITICA L. Blue Lobelia. 
Common in swamps, ditches, and along banks of rivers. 
LoBELIA SPICATA Lam. Small Flowered Prairie Lobelia. 
In lowland meadows on prairie near Calmar and at Lower Dam. 
COMPOSITAE (Sunflower Family) 
AcHILLEA LANULOSA Nutt. Woolly Yarrow. 
In sandy soil at New Albin along Milwaukee Railroad. 
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ACHILLEA MILLEFOLIUM L. 
Common on prairies, pastures, and lawns. 
ANTENNARIA NEGLECTA Greene. Field Cat's Foot. 
Common in open woods and on prairies. 
ANTENNARIA PLATAGINIFOLIA (L.) Richards. Wide-leaved Cat's Foot. 
Frequent in open woods. 
AMBROSIA ARTEMISIAEFOLIA var. ELATIOR (L.) Desc. Small Ragweed. 
A. artemisiaef olia of Au th., not L. 
Common weed throughout the region. 
AMBROSIA PSILOSTACHYA DC. Western Ragweed. 
At New Albin on sandy soil along Milwaukee Railroad. 
AMBROSIA TRIFIDA L. Great Ragweed. 
Common weedy plant in moist locations, especially low areas re-
cently covered with mud by floods. 
ANTHEMIS CoTULA L. Barn-yard Aster. 
A weedy European plant common around barn yards. 
ARCTIUM MINUS Bernh. Common Burdock. 
In open woods near college at Decorah. 
ARTEMISIA ABSINTHIUM L. Absinth. 
An European plant found in open, rocky pasture in valley near 
Decorah. 
ARTEMISIA BIENNIS Willd. Biennial Wormwood. 
In disturbed soil along roads. 
ARTEMISIA CAUDATA Nutt. Tall Wormwood. 
In sandy soils on river terraces near Freeport. 
ARTEMISIA DRACUNCULOIDES Pursh. Linear-leaved wormwood. 
I. S. C. Herbarium specimen. Collected by Herbert Goddard Aug-
ust 14, 1899, in Winneshiek County. 
ARTEMISIA VULGARIS var. GNAPHALODES (Nutt.) Ktze. Prairie Mugwort. 
Common on prairies and open, sunny woods. Increasing by colonies 
and indicator of over grazing in pastures. 
ARTEMISIA SERRATA Nutt. Saw-leaved Mugwort. 
In weedy thickets along fields and roads in Upper Iowa River Val-
ley. Collected near Decorah and Upper Dam. 
ASTER AZUREUS Lindi. Sky-blue Aster. 
Common on prairies. 
ASTER DRUMMONDII Lindi. Drummond's Aster. 
Frequent in open woods throughout area. 
ASTER CORDIFOLIUS L . Common Blue Wood Aster. Heart-leaved Aster. 
In linden-maple woods at Canoe Creek. 
ASTER ERICOIDES L . Many-flowered Aster. 
See Rhodora 32: 138. 1930; Rhodora 30: 227. 1928. 
Aster multiflorus Ait. 
Common on prairies and open, sunny hillsides. 
ASTER INTERIOR Wiegand. 
See Rhodora 35: 35, 312. 1933. 
Aster Tradescanti of auth., not L . 
Common on prairie lowlands and along creeks. 
ASTER LAEVIS L . Smooth Aster. 
Common on prairies throughout region. 
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AsTER NOV.Al!!-ANGLIAE L. New England Aster. 
Common on praU:ie lowlands and along roads in ditches. 
AsTER PRAEALTUS Poir. Willow-leaved Aster. 
See Rhodora 35: 21. 1933. 
Aster salicifolius Ait. 
Common on prairie lowlands and along creeks. 
AsTER PRENANTHOIDES Muhl. Crooked-stem Aster. 
Collected in swampy area in Canoe Creek Valley. 
AsTER PTARMICOIDES (Nees.) T. & G. Prairie White Aster. 
On sunny hillside three miles north of New Albin. 
AsTER PUNICEUS L. Purple-stem Aster. 
In ditch along roadside near Decorah. 
AsTER SAGITTIFOLIUS Willd. Arrow-leaved Aster. 
In open woods near Decorah. 
ASTER SERICEUS Vent. Western Silky Aster. 
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On glacial till in railroad cut near Calmar and on calcareous rocky 
soil on north, sunny hillside at Union City. 
AsTER SHORTII Lindi. Short's Aster. 
In linden-maple woods at Bluffton and Decorah. 
AsTER UMBELLATUS Mill. Flat-top Aster. 
On lowland prairie at Conover and in swamp near New Albin. 
BmENS CERNUA L. Nodding Bur-marigold. 
Common along streams and in swamps throughout the area. 
BIDENS CONNATA Muhl. Purple-stemmed Swamp Beggar-ticks. 
Collected along Canoe Creek. 
BIDENS COMOSA (A. Gray) Wiegand. Leafy-bracted Tickseed. 
Collected along Canoe Creek. 
BmENS FRONDOSA L. Beggar Ticks. 
Collected in swampy land along Canoe Creek. Often growing as 
a weed in valley fields. 
BIDENS VULGATA Greene. Tall Beggar-ticks. 
In swampy meadow two miles north of Lansing. 
BoLTONIA ASTEROIDES (L.) L'Her. False Starwort. 
Common in swampy land in Mississippi Valley. 
CACALIA RENIFORMIS Muhl. Great Indian Plantain. 
Collected in linden-maple woods at Bluffton and in open ash-elm 
woods near Decorah on alluvial flood plain. 
CACALIA TUBEROSA Nutt. Tuberous Indian Plantain. 
On prairie hillside in Pulpit Rock Park at Decorah. 
CHRYSANTHEMUM LEUCANTHEMUM L. White-eyed Daisy. 
A weedy plant in pastures and hay fields. 
CICHORIUM INTYBUS L. Wild Succory. 
Weedy plant along roadsides and waste places. 
CmsrnM ALTISSIMUM (L.) Spreng. Tall Thistle. 
See Beih. z. Bot. Centralbl. 35: 396. 1917. 
Including Cirsium iowense (Pammel) Fernald. 
In swampy land at spring one mile north of Freeport. 
CmsIUM ARVENSE (L.) Scop. Canadian Thistle. 
Common weed in fields causing considerable trouble to farmers. 
CmsIUM DISCOLOR (Muhl.) Spreng. Field Thistle. 
In pastures and waste places. 
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Cms1uM LANCEOLATUM (L.) Hill. Common Bur Thistle. 
In pastures and waste places. · 
CIRSIUM ODORATUM (Muhl.) Petrak. Hill's Thistle . . 
See Beih. z. Bot. Centralbl. 35: 381. 1917. 
Cirsium Hillii (Canby) Fernald. 
On prairie near Conover along Milwaukee Railroad. 
CoREOPSIS PALMATA Nutt. Palmate-leaved Coreopsis. 
Common on prairies · and open, sunny hillsides throughout the 
region. 
ERECHTITES HIERACIFOLIA (L.) Raf. Fire-weed. 
In swamps four miles west of New Albin. 
ERIGERON ANNUUS (L.) Pers. Annual Fleabane. White Top. 
Common in fields. 
ERIGERON CANADENSIS L. Canadian Erigeron or Fleabane. 
Weedy plant in fields and gardens. 
ERIGERON PHILADELPHICUS L. woodland Flea bane. 
Common in valleys on alluvial soil. 
ERIGERON PULCHELLUS Michx. Robin's Plantain. 
Frequent in open woods throughout the region. 
ERIGERON RAMosus (Walt.) BSP. Daisy Fleabane. 
In fields and open waste places. 
EuPATORIUM ALTISSIMUM L. Thoroughwort. 
On sandy river terrace at Upper Dam. 
EuPATORIUM MACULATUM L. Spotted-leaved Joe-Pye Weed. 
Found occasionally in valley woods. 
EuPATORIUM PERFOLIATUM L. Boneset. 
In swamps near Freeport and New Albin. 
EuPATORIUM PURPUREUM L. Joe-Pye Weed. 
In swamp near Freeport and Marquette. 
EuPATORIUM URTICAEFOLIUM Reichard. White Snakeroot. 
Common in linden-maple woods. 
GALINSOGA PARVIFLORA Cav. Galinsoga. 
In shady, moist locations at Lansing. 
GNAPHALIUM POLYCEPHALUM Michx. 
Four miles west of New Albin in Allamakee County. 
GRINDELIA SQUARROSA .Dunal. Gum Plant. 
In gravelly, well drained pasture near Decorah and Lansing. 
HELENIUM AUTUMNALE L. Swamp Sunflower. 
In alluvial pastures and swamps. 
HELIANTHUS ANNUUS L. Annual Sunflower. 
At City Dump of New Albin. 
liELIANTHus OCCIDENTALIS Riddell. Western Sunflower. 
On prairie hillsides on well drained, calcareous rocky soils in Han-
over Township. 
HELIANTHUS PETIOLARIS Nutt. 
In gravel pit near New Albin. 
HELIANTHUS SCABERRIMUS Ell. Stiff Sunflower. 
Common on dry prairies. 
liELIANTHUS TUBEROSUS L. Jerusalem Artichoke. 
Common in thickets and edges of woods. 
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HELIOPSIS scABRA Dunal. Rough Ox-eye. 
Common on prairies. 
lIIERACIUM CANADENSE Michx. Canadian Hawkweed. 
In low prairie land near Ridgeway. 
HIERACIUM LONGIPILUM Torr. 
On sandy river terrace four miles west of New Albin in Upper 
Iowa River Valley and in open hay land bordered by woods near 
McGregor. 
HIERACIUM SCABRUM Michx. Rough Hawkweed. 
In oak woods on south hillside, Hanover Township. 
INULA HELENIUM L. Horseheel. 
Collected at Decorah. Rare. 
IvA XANTHIFOLIA Nutt. Bu:rweed Marsh Elder. 
A tall, weedy plant in barnyards and similar places. 
KRIGIA BIFLORA (Walt.) Blake. Virginia Goat's Beard. 
See Rhodora 17: 135. 1915. 
Krigia amplexicaulis Nutt. 
In linden-maple woods at McGregor and in low, swampy meadow 
at Upper Dam. 
KuHNIA EUPATORIOIDES L. False Boneset. 
On sandy soils of river terrace and sunny prairie hillsides. 
LACTUCA CANADENSIS L. Canadian Wild Lettuce. 
Four miles west of New Albin in Upper Iowa River Valley. 
LACTUCA SCARIOLA L. Prickly Lettuce. 
Common weed in disturbed land throughout the area. 
LACTUCA SPICATA (Lam.) Hitchc. Tall Blue Lettuce. 
Along roadside in open woods, Upper Iowa River Valley, Winne-
shiek County. 
LACTUCA VILLOSA Jacq. Hairy Veined Blue Lettuce. 
In linden-maple woods in Hanover Township in Allamakee County. 
LEPACHYS PINNATA T. & G. Yellow Coneflower. 
Common on tall grass prairies near Calmar. 
LIATRIS CYLINDRACEA Michx. Cylindric Blazing Star. 
On suriny hillsides in Hanover Township. 
LIATRIS PYCNOSTACHYA Michx. Hairy Blazing Star. 
On moist prairies between Calmar and Ridgeway. 
LIATRIS SCARIOSA Willd. Scarious-bracted Blazing Star. 
In habitats similar to the above species. 
P ARTHENIUM INTEGRIFOLIUM L. Prairie Dock. 
On prairies between Calmar and Ridgeway. 
PoLYMNIA CANADENSIS L. Small-flowered Leaf Cup. 
Common in linden-maple woods throughout area. 
PRENANTHES ALBA L. Rattlesnake Root. 
In linden-maple woods throughout area. 
PRENANTHES RACEMOSA Michx. Glaucous White-lettuce. 
Common on prairies between Ridgeway and Calmar. 
RunBECKIA HIRTA L. Black-eyed Susan. · 
Common on prairies, hayfield, and open woods. 
RuDBECKIA LACINIATA L. Green-headed Cone-flower. 
Common in alluvial soil in valley woods. 
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RunBECKIA TRILOBA L. Thin-leaved Cone-flower. 
Common in woods along rivers and creeks. 
SENECIO PLATTENSIS Nutt. Prairie Ragwort. 
On sandy soil of river terraces south of Freeport. 
SENECIO AUREUS L. Golden Ragwort, Swamp Squaw-weed. 
On shores of Canoe Creek in moist, alluvial soil, and at spring 
near Upper Dam. 
SENECIO BALSAMITAE Muhl. Balsam GroundseL 
On sandy river terrace. Winneshiek County. 
SILPHIUM LACINIATUM L. Compass-plant. 
On upland prairies. 
SILPHIUM PERFOLIATUM L. Indian Cup. 
In low areas along roads and along rivers. 
SoNCHUS ARVENSIS L. var. ULIGINosus Beib. 
Growing in city dump at Decorah. 
SoNcHus OLERACEUS L. Annual Sow Thistle. 
Growing along railroad at McGregor. 
SoLIDAGO CAESIA L. Blue Stemmed Goldenrod. 
In Upper Iowa River Valley on limestone cliffs and outcrops near 
Decorah and Union City. 
SoLIDAGO CANADENSIS L. Canadian Goldenrod. 
Common on prairies, open valleys and meadows. 
SoLIDAGO GRAMINIFOLIA (L.) Salish. 
Euthamia graminifolia (L.) Nutt. 
On prairies at Calmar and Ridgeway. 
SoLIDAGO LATIFOLIA L. Broad-leaved Goldenrod. 
Common in linden-maple woods. 
SoLIDAGO GLABERRIMA Martens. Smooth Goldenrod. 
S. missouriensis A. Gray; not Nutt. 
On upland prairies. 
SoLIDAGo NEMORALIS Ait. Gray Goldenrod. 
On upland prairies and sunny rocky hillsides. 
SoLIDAGO SEROTINA Ait. Serrate-leaved Goldenrod. 
Common in weedy thickets along fields and waste places. 
SoLIDAGO SPECIOSA Nutt. var. ANGUSTATA T. & G. 
On upland open woods and on prairies. 
SoLIDAGO RmnELLII Frank. Riddell's Swamp Goldenrod. 
In low swampy land on prairie near Ridgeway. 
SoLmAGO RIGIDA L. Stiff Goldenrod. 
Common on upland prairie. 
SoLIDAGo ULMIFOLIA Muhl. Elm-leaved Goldenrod. 
Common in woodlands throughout the area. 
TANACETUM VULGARE L. Tansy. 
An escape near farmhouses in Winneshiek County. 
TARAXACUM OFFICINALE Weber. Dandelion. 
Common weed in lawns, waste places throughout the region. 
TRAGOPOGON PRATENSIS L. Goat's Beard. 
erlJtJll /Q, ~VERONICA FASICULATA Michx. Ironweed. j On disturbed lands along roadsides. 
'1 tJf. Frequent on alluvial soil. 
l/llYfbfJ/CQ 
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PLANT FORMATIONS 
Two plant formations are common in Winneshiek and Allamakee 
counties. The tall grass association of the grassland formation is found on 
the prairie ridges and on the xeric hillsides. The deciduous forest forma-
tion is represented in the valleys and extends far up into the prairie high-
lands. A third formation, the Great Lakes Coniferous Forest, is repre-
sented by scattered groves of coniferous trees. 
THE HYDROSERE 
Winneshiek and Allamakee counties have few lakes, ponds, or 
swamps because of a well developed drainage system. The successive ele-
vations of this region without base leveling have resulted in swift-flowing 
rivers and creeks. For this reason hydrophytic vegetation is poorly rep-
resented, except along the Mississippi River and to a lesser extent along 
its tributaries, and in the vicinity of an occasional spring outlet. 
In the stagnant, slow-moving water of the Mississippi sloughs and 
ponds th~ chief submerged forms include those of Ceratophyllum demer-
sum and species of Myriophyllum and Potomogeton. The floating plants 
include Lemna and Wolffea which occur with Nymphaea odorata, Nuphar 
advena and species of Potomogeton. Emerging from the water along the 
muddy shores are dense communities of Sparganium eurycarpum, 
Scirpus validus, Sagittaria latifolia, and Nelumbo lutea. Hydrophytic 
vegetation in the Upper Iowa, Yellow, and Turkey rivers is sparse be-
cause of the swift currents and frequent disturbance by heavy floods. 
The cold spring waters and swamps in Canoe Creek and Upper Iowa 
River valleys present a distinctive flora. Submerged and floating in the 
cold waters are Roripa nasturtium-aquaticum, Veronica Anagallis-
aquaticum, and Ranunculus trichophyllus. On the edges of these small 
spring streams are Symplocarpus foetidus, Caltha palustris, Carex hys-
tericina, Cardamine bulbosa, Acorus Calamus, Iris virginica, Impatiens 
pallida, Impatiens biflora, Scirpus validus, and Typha latifolia. Shrubby 
species present are Salix discolor, Salix cordifolia, and Alnus incana. 
The Carex associes is found on the poorly drained prairie meadows 
and borders of old lakes and ponds in the Mississippi Valley, but it is 
generally lacking along the rivers and small spring swamps because ele-
vation is rapid on either side. Some prominent Carex species are Carex 
hystericina, Carex lanuginosa, Carex vulpinoidea, Carex stipata, and 
Carex stricta. Also large colonies of Spartina pectinata are found in low 
swampy meadows. On the alluvial plains the stages in primary succes-
sion beyond the Carex associes are concerned with shrubby and tree 
species. 
Denuded areas are common along rivers where floods have eroded 
away river banks and formed deposits. On these denuded areas open to 
renewed secondary succession the first plants to enter are annual herba-
ceous or rapidly maturing perennial species. Among the latter are certain 
species of willows as Salix interior, Salix cordifolia, and Populus deltoides. 
Among the former are Polygonum lapathifolium, P. pennsylvanicum, 
Bidens cernua, Eragrostis hypnoides, Cyperus erythrorhizos, Roripa his-
pida var. glabrata, Leersia oryzoides, Cardamine pennsylvanica, and 
others. In time this annual stage may be taken over by certain perennial 
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woody species such as the Salix pioneer species or weedy species as Bol-
tonia asteroides, Rumex crispus, Rumex verticill(),ta, Rumex altissimus, 
Physostegia parviflora, Helenium autumnale, Vernonia fascicuZO.ta and 
Lysimachia cilianensis. 
A secondary associes which follows the pioneer vegetation is made 
up of tall trees as Salix amygdaloides, Salix alba, Salix nigra, Populus 
balsamif era, and Acer saccharinum. The latter two species are longer 
lived than the others and frequently are found growing in the Ulmus-
Fraxinus associes. 
Stability is reached on the alluvial plain when the areas are domi-
nated by an associes of Ulmus fulva, Ulmus americana, and Fraxinus 
lanceolata. Other trees occurring on the flood plains are Ulmus racemosa, 
Celtis occidentalis, Juglans cinerea, Juglans nigra, Acer Negundo, and 
Fraxinus nigra. Shrubs frequenting these woods are Sambucus pubens, 
Sambucus canadensis, Ribes missouriensis, Evonymus atropurpurea, 
Rubus occidentalis, and Zanthoxylum americanum. Herbaceous forms are 
Erythronium albidum, Claytonia virginica, lsopyrum .biternatum, Phlox 
divaricata, Galium Aparine, Laportea canadensis, Ellisia Nyctelea, Viola 
sororia, Viola eriocarpa, Rudbeckia laciniata, Rudbeckia triloba, Polygo-
num virginianum, Hydrophyllum virginianum, H. appendiculatum, 
Cacalia reniformis, Mertensia virginica, Allium tricoccum. 
THE XEROSERE 
The flora of the rocks of the area consists chiefly of lichens, mosses, 
ferns, and a few seed plants. The rocks on the north hillsides bear a 
group of crustose lichens and xeric mosses. Two xeric ferns, Pellaea 
glabella and Cheilanthes Feei, live in crevices of sandstone and limestone 
cliffs. Among the higher plants on. the rocks are Sullivantia renifolia, 
Campanula rotundifolia, Aquilegia canadensis, Arabis lyrata, and Solidago 
caesia. Shrubs or trees found on the limestone and sandstone cliffs in-
clude Juniperus virginiana, Juniperus communis, Pinus Strobus, Ame-
lanchier humilis, and Betula papyrifera. 
On the rocks of the south, wooded hillsides are xeric lichens and 
mosses, but mesic forms are more common. Great mats of foliose lichens, 
mosses and ferns are prominent. Among the ferns may be mentioned 
Cyptogramma Stelleri, Cysptopteris bulbifera, Polypodium virginianum, 
Thelypteris Robertiana, W oodsia ilvensis and Camptosorus rhizophyllus. 
On the rocky, well-drained, north hillsides and on the well-drained 
prairie ridges the common, dominating grasses are Bouteloua cultipendula, 
and Andropogon scoparius. Other plants are Carex pennsylvanica, Viola 
pedata, Anemone patens var. Wolfgangiana, Oxalis violacea, Lithosper-
mum canescens, Aquilegia canadensis, and Ranunculus fascicularis. 
In the Upper Iowa River Valley on very sandy soil of river terraces 
the dominant vegetation is Bouteloua hirsuta, Sporobolus cryptandrus, 
and Leptoloma cognatum. In addition are a number of species rather 
unusual for the region. Among these are Panicum perlongum, Froelichia 
fioridana, Paspalum straineum, Monarda punstata, Callirhoe triangulata, 
Lithospermum Gmelini, and Hieracium lcmgipilum. 
The tall grasses are found on the black, deep soils of the rolling 
prairie. Typical examples of these grasslands are found along the rail-
road track on the ridge between Ossian and Ridgeway. The most im-
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portant species are Andropogon furcatus, A. scoparius, Panicum virgatum, 
Stipa comata, Koeleria cristata1,and Sorghastrum nutans. 
During the spring the flora of the prairie is inconspicuous. It is 
only toward the end of May that any conspicuous flowers bloom. The 
greatest floral display occurs in the fall months when the compositae 
are at their height. 
The common herbaceous species characteristic of the prairie are 
listed here according to their season of blooming. Vernal species: 
Anemone quinquefolia, Hypoxis hirsuta, Antennaria neglecta, Antennaria 
plantaginifolia, Lithospermum canescens, Viola pedata, Viola pedatifida, 
Oxalis violacea, Sisyrinchium campestre, and Pedicularis canadensis. 
Estival series: Baptisia bracteata, Baptisia leucantha, Desmodium 
canadense, Achillea Millefolium, Phlox maculata, Lilium michiganense, 
Lilium philadelphicum, var. andinum, Zizia cordata, Poa pratensis, Poa 
compressa, Cypripedium pubescens, Koeleria cristata, Stipa spartea, 
Polygala Senega, Rudbeckia hirsuta, Comandra umbellata, Oxybaphus 
nyctagineus, Phlox pilosa, Silene stellata, Anemone canadensis, Thalic-
trum dasycarpum, Potentilla arguta, Potentilla canadensis, Lathyrus 
venosus, Petalostemum purpureum, Coreopsis palmata. 
Autumnal species: Solidago canadensis, Solidago graminifolia, Soli-
dago nemoralis, Solidago speciosa, Solidago rigida, Helianthus occidentalis, 
Helianthus scaberrimus, Helianthus grosseserratus, Gentiana fiavida, 
Gentiana puberula, Gentiana Andrewsii, Ascepias verticillata, Prena11r 
thes racemosus, Aster laevis, Aster azureus, Aster multiflorus, Aster 
novae-angliae, Aster praealtus, and Andropogon furcatus. 
Shrubs are common throughout the prairie. In the lower lands are 
several species of willow, of which Salix discolor is most common. Larger 
willow species are Salix amygdaloides, Salix interior, and Salix cordi-
folia. Salix lucidus, Salix tristis, and Salix petiolaris are found only in a 
few locations. Only one shrubby species of Leguminosae, Amorpha fruti-
cosa, frequents the lowlands. On the higher prairie lands are found several 
species of shrubby plants, including Salix humilis, Amorpha canescens, 
Rhus Toxicodendron, Rhus glabra, Ceanothus americanus, Rosa arkan-
sana, Corylus americana, Cornus paniculata, and Spiraea alba. Solitary 
trees and thickets occur frequently on the prairie. The trees in these com-
munities are often short lived and mature rapidly. Among them are 
Acer N egundo, Prunus pennsylvanica, Pru nus americana, and Pru nus 
virginiana. These species are the pioneers of the advancing deciduous 
forests. They increase in frequency and density from the representative 
prairie areas to the wooded areas. When the deciduous forest is cut these 
species again spring up in the course of secondary succession. 
The shrubby and pioneer trees grade into woods dominated by vari-
ous oak species, with Quercus macrocarpa on the outer border. In the 
older woods and those of the north valley hillsides Carya ovata is fre-
quently associated with Quercus macrocarpa. On protected uplands the 
Quercus macrocarpa and Carya ovata association grades into woods domi-
nated by Quercus alba, Quercus velutina, and Quercus borealis maxima. 
The herbage of the oak and hickory woods, especially along the outer 
border, includes species common to the prairies. The following species 
of shrubby plants usually are found in the oak-hickory woods: Amela11r 
chier canadensis, Malus ioensis, Lonicera prolifera, Prunus nigra, Prunus 
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americana, Zanthoxylum americanum, Ribes missourensis, and Celastrus 
scandens. 1 
Herbaceous species frequenting the oak-hickory woods include: 
Carex pennsylvanica, Poa pratensis, Comandra umbellata, Zizia aurea, 
Phlox pilosa, Lithospermum canescens, Lithospermum latifolium, Trio-
steum perfoliatum, Polemonium reptans, Hedeoma hispida, Viola pediti-
fida, Apocynum androsaemifolium, Rudbeckia hirta, Anemone canadense, 
Desmodium canadensis, Anemonella thalictroides, Hypoxis hirsuta, Soli-
dago ulmifolia , Potentilla canadensis, Agrimonia gryposepala, Podo-
phyllum peltatum, Ranunculus fascicularis, Aquilegia canadensis, Draba 
caroliniana, Lathyrus ochroleucus. Sisyrinchium campestre, Euphorbia 
corollata, Hypericum punctatum, Geranium maculatum, Triosteum per-
foliatum. 
The woods composed of Quercus alba, Quercus velutina, and Quercus 
borealis maxima form a denser shade than those where Quercus macro-
carpa and Carya ovata dominate. For this reason many species of shrubs 
and herbs occur in the former but not in the latter woods. The shade 
tolerant shrubs typical of these woods are Viburnum affine, Viburnum 
Lentago, Corylus americana, Rubus occidentalis, Rubus sp., Cornus pan-
iculata, and Aralia nudicaulis. Herbs frequenting these woods are: 
Pteridium latisculum, Athyrium angustum, Podophyllum peltatum, Soli-
dago ulmifolium, Desmodium acuminatum, Polemonium reptans, Erigeron 
pulchellum, Circaea latifolia, Pyrola elliptica, Oakesia sessilifolia, Smi-
lacina racemosa, Polygonatum commutatum, Aster Drummondii, Aster 
Shortii, Helianthus tuberosus, Rudbeckia hirta. 
The linden and maple woods are found in the valleys and on the hill-
sides having deep, well developed soils. The dominant trees are Acer 
nigrum, Acer saccharum, and Tilia glabra. Among other trees commonly 
found are Juglans cinerea, Ulmus americana, Celtis occidentalis, and 
Fraxinus lanceolata. Under these tall trees a layer of small trees of two 
species, Carpinus caroliniana and Ostrya virginiana, is developed. Below 
these there is a layer of shrubs of which the chief species are Staphylea 
trifolia, Sambucus pubens, Aralia nudicaulis, Taxus canadensis, and rarely 
Acer spicatum, Hamamelis virginiana, Dirca palustris, and Viburnum 
trilobum. 
In the herbaceous layer are found a large number of prevernal and 
vernal species, a few autumnal forms , and a very few festival species. 
The chief prevernal and vernal species are: Actaea alba, Actaea rubra, 
Adoxa Moschatellina, Allium tricoccum, Anemone quinquefolia, Aralia 
racemosa, Asarum canadense, Arisaema triphyllum, Carex albursina, 
Carex grisea, Carex longirostris, Carex pedunculata, Dicentra canadensis, 
Dicentra cucullaria, Caulophyllum thalictroides, Claytonia virginica, 
Erythronium albidum, Festuca obtusa, Hepatica acutiloba, Isopyrum bi-
ternatum, Sanguinaria canadensis, Thalictrum dioicum, Trillium Gleasoni, 
Trillium nivale, Uvularia perfoliata, Viola eriocarpa, Viola sororia. 
Species which bloom in middle summer are: Panax quinquefolia, 
Aralia racemosa, and Cacalia renifolia. 
The chief late summer and fall blooming plants are: Solidago lati-
folium, Prenanthes alba, Eupatorium urticaefolium, Gentiana quinque-
folia , Impatiens biflora, Impatiens pallida. 
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SUMMARY 
The total number of species collected in this survey was 846, among 
which were 33 species of Musci, 31 Pteridophyta, 81 Gramineae, 40 Cyper-
aceae, 39 Rosaceae, 37 Leguminosae, 20 Umbelliferea, 25 Labiatae, and 108 
Compositae. 
Two new species were recorded for the state: Oenothera perennis and 
W oodsia scopulina. A number of new records were made for the region. 
The deciduous forest formation covers approximately three-fourths 
of the region and the remainder is occupied by the prairie grass formation. 
The forests cover all hilly regions and extend into the relatively level up-
lands. Acer saccharum nigrum, Acer saccharum and Tilia glabra are 
climax species; Quercus macrocarpa and Carya ovata, sub-climax species. 
The prairie grasses occupy the dry hillsides and prairie ridges. In the 
shallow soils and wind-swept xeric hillsides and ridges the dominant 
grasses are Andropogon scoparius and Bouteloua curtipendula. On the 
prairies with deep soils and rolling topography the dominant species are 
Andropogon furcatus, Sorghastrum nutans, Koeleria cristata, and Stipa 
spartea. 
The Great Lakes coniferous forest is represented by small groves of 
Pinus Strobus and Abies balsamea. 
There are a number of species represented in the flora which are on 
the bor9.er of their range. These are from three geographical regions, the 
Great Lakes region, the western short grass prairie, and the south and 
southeastern prairie and forest. Three endemic species have been re-
corded from the region. 
During recent times most of the virgin forest has been cut and both 
forest and prairie uplands have been plowed. Most of the land not useful 
for growing crops is used for pasture. Species once common are approach-
ing extinction because of the destruction of their natural habitats. Ap-
proximately 75 species introduced from foreign lands were collected. 
ACKNOWLEDGMENTS 
The writer is indebted to Dr. W. L . Strunk of Luther College, De-
corah, Iowa, for making the initial collections possible and for assistance 
in the field; to Dr. Ada Hayden for direction of the work; and to Dr. H. S. 
Conard of Grinnell College for verification of the mosses, and to Mr. 
Louis C. Wheeler of Gray Herbarium for verification of certain doubtful 
specimens. 
LITERATIJRE CITED 
ARTHUR, J. C. 
1879. Contributions to the flora of Iowa. Proc. of the Davenport Acad. Nat. 
Sci., 2:258-261. 
1883. Ibid., 3:169-172. 
1886. Ibid., 4:27-30, 64-76. 
BRITTON, N. L., AND ADDISON BROWN 
1913. An illustrated flora of the Northern United States and Canada. 2nd ed. 
Charles Scribner's Sons, New York. 
BENTON, T. H., AND N. J . RUSSELL 
1922. Soil survey of Winneshiek County, Iowa. U. S. Bureau of Soil Field 
Operations, 1922:1457-1492. 
(Continued on page 384) 
380 WILLIAM L. TOLSTEAD 
EXPLANATION OF PLATES 
PLATE I 
No. 1. Valley hillside near Union City in Allamakee County covered with Juniperus 
virginiana. The deciduous woods toward the bottom of the hill are composed 
largely of Quercus macrocarpa. 
No. 2. A swamp at the mouth of a spring one mile north of Freeport in Winneshiek 
County. The herbaceous growth in the foreground is composed chiefly of 
Symplocarpus foetidus. In the background is a clump of Alnus incana and a 
tree of Fraxinus nigra. 
No. 3. Associes in Mississippi Valley near New Albin. Nuphar advena is foreground 
with Sparganium eurycarpum along the water's edge. Deciduous trees in the 
background are largely willow and soft maple trees. 
No. 4. Upper Iowa River in Union Township in Winneshiek County. 
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PLATE II 
No. 1. Upland tall grass prairie in western Winneshiek County. 
No. 2. White Pine grove growing in shallow soils on limestone outcrop at the Lower 
Dam in Upper Iowa River Valley. 
No. 3. Grasslands on sandy river terrace land in Upper Iowa River Valley 10 miles 
west of New Albin. Bouteloua hirsuta is the dominant species. The grass grow-
in the path and lighter in color than the surrounding vegetation is Leptoloma 
cognatum. Other species present are Bouteloua curtipendula, Monarda punc-
tata, and V erbascum Thapsus. 
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A COLORIMETRIC METHOD FOR THE MICRODETERMINATION 
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Diacetyl is a flavor contributant of butter and various other food 
products. Although there have been extensive studies of this substance 
and its apparent biochemical precursor, acetylmethylcarbinol, relatively 
few data are available on the diacetyl content alone (as distinguished 
from acetylmethylcarbinol plus diacetyl) of dairy products or other foods. 
The reason for this has been the lack of suitable analytical methods for 
measuring the small amounts of diacetyl which suffice to influence the 
flavor of a food product. 
The gravimetric method for the determination of diacetyl, more 
usually acetylmethylcarbinol plus diacetyl, as nickel dimethylglyoximate 
is satisfactory when fairly large amounts are present, but owiJ!g to the 
slight solubility (1) of this derivative attempts to measure 1 or 2 mg. 
of diacetyl in 100 ml. of distillate yield low results or even fail in the quali-
tative detection of it. Kunze (7) recently described a micromodification 
of this method, but recommended colorimetric determinations for amounts 
less than 0.3 mg. 
At the Iowa Agricultural Experiment Station a colorimetric proced-
ure has been developed which can be applied to the determination of very 
small amounts of diacetyl in butter culture, cream, butter and other 
materials. A description of it is given herein. · 
REVIEW OF COLORIMETRIC METHODS 
Testoni and Ciusa (16) appear to have been the first to use a colori-
metric method for diacetyl. They oxidized the nickelous dimethylglyoxi-
mate and obtained a soluble red complex in which the nickel has a higher 
valence number. 
Barnicoat (1) dissolved the precipitated nickel dimethylglyoximate 
in chloroform and used the resulting yellow solution for comparisons. 
Mohr and Wellm (10) improved this method by extracting with chloro-
form the nickel complex which still remained in solution as well as that 
which was precipitated. 
Pien, Baisse and Martin reacted the diacetyl with certain ortho-
diaminobenzene derivatives and made use of the yellow colors which the 
resulting quinoxaline derivatives exhibit in the presence of strong acid 
as the bases of their methods. In their first procedure (12) they used 
3,4-diaminotoluene. Later (13), they used diaminobenzidine and obtained 
a stronger yellow color which they assumed resulted through the forma-
1 Journal Paper J548 of 1he Iowa Agricultural Experiment Station, Ames, Iowa. 
Project No. 127. 
• The development of the method was largely financed through a grant from 
Cha~ Pfizer and Co., Inc., which provided particularly for the services of Dr. Prill. 
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tion of a bisquinoxaline derivative and which they claimed to be useful 
for measuring as little as 0.05 mg. of diacetyl in 10 ml. of distillate. 
The Voges-Proskauer reaction, as improved by Barritt (2) , although 
very sensitive, is not applicable to the quantitative determination of diace-
tyl because the color developed is not proportional to the concentration; 
furthermore, acetylmethylcarbinol also gives the test. Certain color re-
actions reported by Smith (15) might possibly be made the bases of other 
color tests. 
Titrimetric methods for diacetyl are also possible such as that of 
Ruehe and Corbett (14), but it is doubtful whether these could be as 
sensitive and specific as a suitable colorimetric method for microdetermi-
nations. 
DEVELOPMENT OF THE METHOD . 
Tschugaeff and Orelkin (17, 19) developed a procedure for the 
colorimetric determination of very small amounts of iron by the use of 
dimethylglyoxime and ammonium hydroxide. Just as the converse of 
the procedure for the gravimetric determination of nickel with dimethyl-
glyoxime provided the basis for the gravimetric method for diacetyl, so 
the converse of the procedure for iron constitutes the basis for a colori-
metric method for small amounts of diacetyl. The intensely rose-red 
colored, water-soluble complex that is produced under the conditions of 
the test is an ammono-ferrous dimethylglyoximate having the probable 
formula 
DH-Fe-HD . 2NH3 
(DH2 indicates that dioxime and DH- indicates that the H of one of the 
two oxime groups has been replaced by metal). The compounds which 
iron as well as nickel and several other metals form with certain dioximes 
belong to the class of substances now often known as chelate ring com-
pounds. These are discussed in recent reviews (3, 8). 
The diacetyl is first converted into diacetyl dioxime ( dimethylgly-
oxime). In the present procedure this is accomplished by the use of a 
solution containing approximately equimolar quantities of hydroxylamine 
hydrochloride and sodium acetate and which is therefore essentially the 
· same as a solution containing hydroxylamine acetate and sodium chloride. 
Such a solution is slightly acidic, because hydroxylamine is a very weak 
base. Preliminary investigations (unpublished) on the formation of the 
dioxime show that this reagent is satisfactory under the prescribed con-
ditions (concentration and period of heating which are indicated later) 
and that a neutral, alkaline, or strongly acidic solution of this reactant is 
less satisfactory for the present purpose . 
.. For the subsequent color producing reactions to be satisfactory, it was 
found necessary to remove the excess hydroxylamine remaining after the 
completion of the formation of the dioxime. In the trials performed be-
fore this fact was appreciated, and in which the excess of hydroxylamine 
was not removed before applying the subsequent reactions, the colors 
obtained faded rapidly and developed a brownish tinge. The reason for 
this is that hydroxylamine in alkaline· solution oxidizes ferrous iron to 
ferric iron (9). The excess of hydroxylamine can be fixed by the addi-
tion of acetone, whereby· it is converted into ·acetoxime which does not 
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interfere. It was suspected, however, that the acetone also might react 
with the dioxime of diacetyl to produce acetoxime and the monoxime of 
diacetyl, thereby partly undoing that which was accomplished in the first 
step of the method. 
When acetone was added to a test solution, in which the dioxime 
formation had been completed and which was slightly acid, and the 
solution then heated at 80° C. for 1 hour, the color which developed after 
the addition of the color producing reagents was somewhat less intense 
than that which developed in a comparison test solution which had been 
heated only 5 minutes after the addition of acetone. When the proper 
amount of dipotassium phosphate was added along with the acetone so 
that the resulting solution was nearly neutral (pH 6. 7) it was found that 
the intensity of the final color obtained was not affected by the period of 
heating following the addition of the acetone. This indicates that acetone 
reacts with the dioxime in acid solution but not to a detectable extent 
in nearly neutral solution. 
In the next step it is necessary to add some reagent to prevent the 
precipitation of the excess iron as iron hydroxide when ammonium hy-
droxide and ferrous sulfate are added to the solution containing the 
dioxime. Potassium sodium tartrate was found to be very effective. A 
small amount of the tartrate prevents the formation of a precipitate but 
the solution is colored intensely blue due to tartrate-soluble ferrous-ferric 
hydroxide (slight oxidation of the iron by air is unavoidable in alkaline 
solution). By using a relatively large amount of the tartrate this color is 
suppressed so that only a very faint green tint remains. Komarek (6) 
made similar observations in connection with the development of his 
titrimetric method for iron. The high concentration of tartrate in the 
to fade because of the oxidation of the excess ferrous iron by the air. 
It was found that the ferrous sulfate should be last in the sequence 
in which the several reagents are added. It was noted also that a rela-
tively small amount of it was sufficient, which is fortunate because this 
makes it possible to so reduce the slight green color caused by the re-
agents that it is negligible. On the final addition of the ferrous sulfate 
the beautiful rose-red color appears instantly. The color attains its full 
intensity in a few minutes and is stable for several hours, but then begins 
to fade because of the oxidation of the excess ferrous iron by the air. 
Some explanation of the other complexes that iron forms with di- · 
methylglyoxime seems pertinent to the reasons why the ferrous sulfate 
should be added last. This reagent might be contaminated with a trace of 
ferric salt. Ferric iron under certain conditions also for!llS a complex 
with dimethylglyoxime (5), but if the addition of tartrate ·or of tartrate 
plus ammonium hydroxide precedes the addition of the iron salt the ferric 
complex does not appear to be . formed. There are also other ferrous 
complexes. It was observed that when a very minute quantity of am-
monium hydroxide is added to a solution containing the dioxime, tartrate 
and ferrous sulfate, the color becomes dark brown, which appears to be 
due to the same dark brown ferrous complex (18) that would be formed 
if sodium hydroxide were added in place of the ammonium hydroxide. 
On the subsequent addition of an excess of ammonium hydroxide the re-
sulting color is a mixture of red and brown; the brown complex appears 
to be so stable when once formed that it persists evE;?n on the addition 
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of an excess of ammonium hydroxide. If the ammonium hydroxide were 
added last in the analytical procedure, a condition similar to this might be 
obtained in the lower part of the test tube because of the low concentration 
of the ammonium hydroxide that had reached the lower part of the tube 
by diffusion. This would be true especially if the contents of the tube 
were not mixed immediately. 
It should be mentioned also that if certain amines are substituted for 
the ammonium hydroxide in the regular analytical procedure, different 
reddish or purplish colors are developed. 
REAGENTS 
Blank determinations should be performed on the chemicals used in 
the preparation of the reagents. The acetone and the methyl alcohol 
certainly should be tested since conceivably these might contain traces 
of diacetyl or one of its homologs. Distilled water should be used through-
out. 
A. Hydroxylamine acetate 
Dissovle 70 g. of sodium acetate (NaC2H30 2 ·3H20) in water to 
make 200 ml. of solution. Dissolve 35 g. of hydroxylamine hydro-
chloride in water to make 800 ml. of solution. Prepare a day's 
supply of the reagent by mixing the two solutions in the propor-
tion of 1 part of the first to 4 parts of the second by volume. 
B. Acetone-dipotassium phosphate mixture 
Dissolve 144 g. of anhydrous dipotassium phosphate or 190 g. of its 
hydrate (K2HP04 ·3H20) in water, add 200 ml. of pure acetone 
and make up to a liter with water. 
C. Ammonium hydroxide 
Concentrated C.P. ammonium hydroxide (sp. gr. 0.90) is used. 
D. Saturated tartrate solution 
As needed, dissolve 90 g. of potassium sodium tartrate (Rochelle 
salt) in 50 ml. of water by warming. Keep warm (about 35° C.) 
in order to prevent crystallization. 
CD. Mixture of C and D 
In treating a number of samples at a time it is more convenient to 
add C and D together. Just before it is needed, prepare the mix-
ture in the proportion of 100 ml. of the warm tartrate solution to 
13.5 ml. of concentrated ammounium hydroxide. Use immediately 
so that crystals do not separate from the solution due to cooling. 
E. Ferrous sulfate 
Dissolve 5 g. of ferrous sulfate (FeS04 • 7H20) in 100 ml. of a 1 per 
cent solution of sulfuric acid. This solution should be discarded 
whenever it shows evidence of oxidation. 
F. Dilution solution 
Ordinarily this solution is not required, but if dilutions are found 
to be necessary after the color has been developed they should 
not be made with water but rather with a freshly prepared mix-
ture of reagents made up in the following proportion: Distilled 
water-63 ml.; B-10 ml.; C-3 ml.; D-22 ml.; and E-2 ml. 
J14ICRODETERMINATION OF DIAECTYL 389 
G. Diacety 1 standard 
It is not practical to use diacetyl itself as the standard because 
absolutely pure diacetyl is not readily available, it is inconvenient 
to weigh accurately, and its solution has been reported to be un-
stable. Since the diacetyl in the unknown is actually converted 
into dimethylglyoxime in the course of the analytical procedure, 
there should be no objection to its use in place of diacetyl in 
making the standard solution, provided that the standard and 
the unknown solutions are given identical treatment in all other 
respects. 
Weigh out 0.1349 g. of purified dimethylglyoxime (recrystal-
lized from alcohol or from a large volume of water) and dissolve 
in 50 ml. of pure methyl alcohol. When all the crystals have dis-
solved add 30 ml. of reagent A (hydroxylamine acetate) and 
make up to a liter with water. One ml. of this solution contains 
0.1349 mg. of the dioxime, which is equivalent to 0.100 mg. of 
diacetyl. The dilutions needed are freshly prepared each time. 
The function of the hydroxylamine acetate in this solution is 
to repress any possible hydrolysis of the dioxime, to fix any trace 
of aldehyde that may possibly be in the solvent, and to inhibit 
any microorganisms which might otherwise grow in the solution. 
DISTILLATION APPARATUS AND DISTILLATION PROCEDURE 
The quantitative collection of the diacetyl from a sample in a small 
volume of distillate requires a special distillation apparatus and very care-
fully regulated distillation. After trying various types of apparatus which 
did not give entirely satisfactory results, the apparatus shown in figure 1 
was devised and was found to be satisfactory. 
It would perhaps be better if ground glass connections were used, but 
the present apparatus can be easily made from the usual laboratory equip-
ment. Ordinary rubber stoppers, however, should not be employed since 
tests on shavings from such stoppers after being used for distillations 
showed the presence of detectable quantities of absorbed diacetyl. The 
connections which come in contact with the vapor, Bi and B2, may be 
made with synthetic rubber (neoprene). Shavings from neoprene stop-
pers after being used in distillations gave negative tests for diacetyl. 
The inlet tube D is for the introduction of C02 and steam; either of 
the openings, E for C02 or F for steam, can be closed by means of a clamp 
on the rubber tubing connections when the other is being used. The 
tube D can be rotated in the stopper so that the C02 or the steam can 
be passed at will either through or above the sample in the flask. The 
water connections to the condenser jackets Ji and J 2 should be so ar-
ranged that Ji is always filled with water while J 2 can be easily filled or 
emptied, thus allowing the tube C to be used at will either as a reflux 
condenser or as a fractionating column. 
In the tube C are placed some glass discs, G, about 15 in number, 
which are held about 20 mm. apart by means of short sections of glass rod 
attached to them. The lowest disc is attached to a longer section of rod 
(about 100 mm.), which rests on the wall of the bent section of tube C 
and thereby supports the column of discs. When C is used as a reflux the 
discs act as baffles and minimize the escape of diacetyl. When C is em-
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ployed as a fractionating column it is essentially a simple form of the 
Young (20) column. The inner diameter of tube C may be 10 to 12 mm. 
and the discs should be ground so that their diameters are just slightly 
less than this (about 1 mm. less). Whether the discs fit properly or 
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Fig. 1. Diagram of distillation apparatus. 
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by actual trial distillations, wherein a solution containing about 1 mg. of 
diacetyl is distilled in the manner described in the following paragraphs, 
and several successive 5 ml. portions of the distillate collected. 1£ all the 
diacetyl is consistently found in the first portion of distillate, the apparatus 
has been constructed in the proper manner. 
Before an actual distillation is performed the apparatus should be 
clecµied by distilling water through it. The sample is weighed into the 
500 ml. round bottom fl.ask A; 50 g. is usually a sufficient and convenient 
amount, but for materials low in diacetyl a 100 g. sample may be used. 
The sample should be slightly acidic in reaction, which is usually the case, 
- but with materials which could possibly have a reaction of pH 7 or higher, 
for j:!xample, butter from neutralized cream, the reaction should be made 
slightly acidic by the addition of a small amount of some weak non-volatile 
acid, such as lactic (blank determinations on the acid should show the 
absence of interfering substances). An alkaline reaction is avoided be-
cause even a slight alkalinity will tend to cause the destruction of diacetyl 
(11, 4), especially on heating. The fl.ask is attached to the apparatus with 
the inlet tube D in position 1. Water should be running through both 
jackets J 1 and J 2• The narrow test tube K, which is calibrated at 10 ml. 
and also marked at approximately 6 ml., is used as the receiving vessel. 
One ml. of reagent A (hydroxylamine acetate) is pipetted into the test 
tube which is held so that the constricted end of tube H extends to the 
bottom of the absorbing liquid. 
A slow stream of C02 is passed over the sample and through the ap-
paratus for 5 minutes. Then with D still in position 1 the C02 inlet is closed 
and the steam is slowly admitted until the vapor starts to condense in the 
reflux C, whereupon D is carefully turned to position 2. The steam should 
be so regulated that the C02 which it displaces bubbles through the liquid 
in K at a slow rate. 
There are reasons for employing these preliminary operations. 1£ the 
air is not previously driven from the apparatus with C02, the atmospheric 
oxidation of the acetylmethylcarbinol (which is usually present in larger 
amounts than the diacetyl) to diacetyl on heating may lead to results 
which are too high. On introducing steam above the surface of the 
sample, the C02 and any remaining air are displaced by steam before the 
sample is greatly heated. It was observed also that when C02 was bubbled 
through a liquid sample or when the distillation was performed without 
the preliminary slow displacement of the C02 by s~eam under a reflux, 
a considerable fraction of the diacetyl was carried over with the C02 be-
fore any liquid actually distilled over and a certain percentage of this 
diacetyl was lost by being carried away with the bubbles of 'gas passing 
through the absorbing solution in K. With the procedure outlined very 
little of the diacetyl is prematurely carried over with the C02 and i£ 
several per cent of this small amount escapes absorption the loss is neg-
ligible. Refluxing is also often advantageous because after the sample has 
been refluxed until the initial frothing has subsided the distillation can 
proceed more smoothly. , 
·When the rate of bubbling through the liquid in K indicates that the 
C02 has been displaced from the fl.ask, the water is let out of J 2• After the 
column C has become warm the steam pressure should be so regulated 
that the distillation proceeds at a uniformly slow rate. 1£ 'the rate of dis-
tillation is too rapid' the column becomes flooded and its efficiency is de~ 
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stroyed; also the required volume of distillate is soon collected but all of 
the diacetyl is not contained therein. The necessity for slow distillation 
cannot be overemphasized. If the volume of liquid in the test tube in-
creases at a barely perceptible rate and the tube H is hot below the point 
where it starts to bend downward into the jacket J 1 , the distillation is 
progressing effectively. This slow rate of distillation is maintained until 
the volume of liquid in the test tube K is between 6 and 6.2 ml. During 
the collection of the last 1 ml. the rate of distillation is increased slightly, 
the test tube K is lowered, and the distillate allowed to drip into it. The 
tube of distillate can be stoppered and kept until it is convenient to de-
velop and compare the colors of a series of samples. The distillation proper 
should take approximately 30 minutes. One analyst can take care of 
several distillations at a time. 
PROCEDURE FOR THE DEVELOPMENT AND COMPARISON OF THE COLORS 
The tubes of distillate which have been collected each contain 1 ml. 
of reagent A (hydroxylamine acetate) and 5 to 5.2 ml. of distillate. The 
stoppers of the tubes are loosened and the tubes heated in a water bath at 
85° c. for 1 hour in order to complete the formation of the aioxime. 
The tubes are then removed from the water bath and while they are 
still warm 1 ml. of reagent B (acetone-dipotassium phosphate) is added 
to each and allowed to react for 5 minues. This fixes the excess of hydrox-
y lamine. The tubes are cooled and may be kept at this stage if desired. 
To each of the tubes are next added 0.3 ml. of reagent C (ammonium 
hydroxide) and 2.2 ml. of reagent D (saturated tartrate solution) and the 
contents of each tube mixed; or, if more convenient, 2.5 ml. of the mixed 
reagent CD is added in place of C and D separately. 
Each tube is then treated with 0.2 ml. of reagent E (ferrous sulfate) 
and the contents of the tube mixed immediately by inverting. The vol-
umes are brought to 10 ml. by the addition of distilled water and again 
mixed. Although the color develops very rapidly, about 15 minutes 
should be allowed for it to attain its full intensity. The colors should be 
compared within 2 hours. 
The color standards are made by adding the desired amount of solu-
tion G (diacetyl standard) or one of its dilutions to 1 ml. of reagent A 
(hydroxylamine acetate) and bringing the volume up to 6 ml. with water. 
These standards are then treated in exactly the manner described for the 
unknowns. For color standards ranging from 0 to 0.010 mg. of diacetyl, 
a series of tubes varying by 0.001 mg. should be prepared for direct visual 
comparisons. For the higher concentrations to be used with a colorimeter 
a series increasing in appropriate amounts, for example, 0.010, 0.015, 0.025, 
0.040, 0.060, 0.100, 0.150 mg., etc., is prepared; the comparisons are more 
easily made with a blue filter in the colorimeter. 
If it is desirable to collect a different volume of distillate and have a 
final volume other than 10 ml., the quantities of all the reagents used for 
the unknowns and for the color standards, with the obvious exception of 
the solution G (diacetyl standard), should be changed proportionately. 
SENSITIVITY, ACCURACY AND SPECIFICITY 
With the method described it is possible to detect a difference be-
tween 0.001 mg. a11d no diacetyl in 5 ml. of water. Throughout the range 
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of diacetyl contents studied, the color appears to be proportional to the 
concentration of diacetyl, and in the range that can be conveniently meas-
ured with a colorimeter, which varies from about 0.01to0.5 mg. of diacetyl 
in the final volume of 10 ml., the proportionality is clearly evident. 
Table 1 presents a comparison of the results obtained by the colori-
metric and the gravimetric methods; the values were selected as repre-
sentative of the many comparisons made. Each unknown solution of 
200 ml. was divided, using 1 per cent for the colorimetric and the re-
mainder for the gravimetric determination. The data show a good agree-
ment in the results of the two methods, the differences ranging from 0.6 
to 4.5 per cent. 
Practically quantitative recoveries were obtained when 0.2 mg. 
diacetyl was added to 50 ml. of fresh skim milk, and the milk acidified 
with 1 ml. of 85 per cent lactic acid and distilled. 
It would be expected that certain volatile homologs of diacetyl would 
also produce colors with this new procedure as well as with the other 
colorimetric procedures for diacetyl to which references have been made 
in this paper. Glyoxal, methylglyoxal and acetylpropionyl were tested 
according to the present procedure and all were found to produce intense 
red colors. In addition, pyruvic acid, which in a sense is a 1,2-dicarbonyl 
compound also, was found to produce a yellow color with the reagents 
used. Since these other substances ordinarily would not be expected in 
dairy products, the method is applicable to the analysis of these products 
for diacety 1. 
Pure acetylmethylcarbinol does not produce a color with the reagents 
used. The method can, however, be applied to the determination of this 
compound by first oxidizing to diacetyl. 
SUMMARY 
A sensitive colorimetric method has been developed which can be 
applied to the determination of very small amounts of diacetyl in dairy 
products and perhaps other materials. 
The method is based upon the formation of the intensely colored 
ammono-ferrous dimethylglyoximate. The diacetyl is first converted into 
dimethylglyoxime; the excess of hydroxylamine is fixed with acetone in 
phosphate buffered solution; then ammonium hydroxide, a large amount 
of tartrate and, finally, a small amount of ferrous sulfate are added. The 
rose-red color develops very rapidly. 
An apparatus and a procedure for the distillation of the diacetyl from 
the sample are described. 
TABLE 1. Comparison of the results obtained by the colorimetric and by the 
gravimetric methods 
Colorimetric Gravimetric Difference Colorimetric Gravimetric I Difference 
p.p.m. p . p . m. Percentage p . p.m. p. p . m . Percentage 
171 170 +0.6 177 173 +2.2 
207 204 + 1.4 173 170 +1.7 
107 108 -1.0 127 130 -2.4 
160 162 -1.2 45 43 +4.5 
154 148 +4.0 68 66 +3.0 
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It is well known that the pollen of the Winesap and its seedlings is 
characterized by a high percentage of impotency. Shoemaker (11) states 
that the varieties of the Winesap group are noted for self-, inter-, and 
cross-sterility and are further characterized by a low percentage of pollen 
germination. Knowlton (6) states that the varieties, Stayman, Wine-
sap, and Mammoth Black Twig are not only self-sterile but of little value 
as pollenizers for other varieties because of their impotent pollen. Beau-
mont and Knight (1), who also report that the Winesaps are notoriously 
poor pollen parents, show by comparative tests of germination and of tube 
growth on artificial media that Winesap pollen is much inferior in both 
germination and tube growth to the better pollen producers, such as 
Delicious. While the average germination of Winesap pollen was 65 per 
cent and tube growth 1.89 mm., the germination of Delicious pollen was 
88 per cent and tube growth 2.81 mm. In comparative germination tests 
of the pollen of Winesap, Stayman Winesap, Paragon and Delicious, Shoe-
maker (11) obtained 65.5, 36.9, 28.3, and 88.5 per cent, respectively. 
Shoemaker further reports that in cross pollination experiments the set 
of fruit when Delicious pollen was used was double that obtained with 
Winesap pollen. 
Cytological studies have shown that cultivated apples, with few ex-
ceptions, if any, fall into two groups, diploids with 34 chromosomes and 
triploids with 51 chromosomes. It has also been well established by the 
investigations of Shoemaker (11), Kobel (7), Crane and Lawrence (2), 
Miedzyrzecki (8), Roscoe (10), Heilborn (5), and Edgecombe (4), and 
others, that irregularities in meiosis and abortion of pollen characterize 
triploidy in apples. Crane and Lawrence (2) in their studies found the 
range of good pollen 4 to 27 per cent in triploids and 50 to 70 per cent in 
diploids. 
That the pollen impotency of the Winesap is traceable to a triploid 
condition is naturally expected, but Nebel (9) reports that the Winesap 
is a diploid with 34 chromosomes. If Nebel is correct then the pollen 
impotency in the Winesap must be due to special pollen lethals or factors 
other than triploidy. 
MATERIALS AND METHODS 
These investigations were made intermittently, in 1924, 1930, and 
1936. Most of the material was obtained from the Horticultural orchards 
of Iowa State College at Ames, some from the College orchard at Charles 
City, Iowa, and some from private orchards in the state. Some of the ma-
terial was from young and some from old trees. No significant differences 
were observed with respect to time, place collected or age of trees from 
which it was collected. 
[397] 
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The material for the meiotic studies was freed of bud scales, a few 
anthers examined in aceto-carmine or methylene blue to determine stage 
of development, and if in desired stage the remainder of the flower bud was 
killed and fixed in Bouin's solution. In following the progress of pollen 
abortion and associated changes in other tissues of the anther the flowers 
· were sufficiently developed so that only the anthers were carried through 
the processing. The material was all processed by the paraffin method 
and sectioned six to nine microns in thickness. Most of the sections were 
stained with iron-alum haematoxylin but some were stained with safranin 
and fast green. 
MATURE ANTHERS 
The pollen output of Winesap anthers is far below the normal, prob-
ably considerably less than half of normal anthers. The mature pollen 
varies from none in many of the anthers to a normal amount in an occa-
sional anther. 
According to evidence presented later in the discussion, both the im-
potency and low production of pollen in the Winesap are apparently asso-
ciated with a reversal in the physiological relationship between the pollen 
and tapetal cells. In normal anthers the tapetal cells are supposedly di-
gested and utilized by the developing pollen (fig. 2). Furthermore, the 
disappearance of the tapetal cells in normal anthers adds considerable 
space to the pollen cavities and is an important means of accommodating 
the space of the locule to the growing demand for space by the develop-
ing pollen grains. In most of the Winesap anthers this physiological rela-
tionship is reversed, and the tapetal cells, instead of being digested by the 
growing pollen, encroach upon the pollen, limit it in space, and apparently 
digest a variable number of the pollen grains. 
Associated with the reversal in the physiological relationship between 
tapetal cells and pollen, there is commonly an abnormal development of 
some of the cells of the inner portion of the walls of the pollen sacs. In the 
normal development of pollen sacs there is very little thickening of the 
pollen sac walls during growth and maturing of the pollen. Cell divisions 
are mostly, if not entirely, anticlinal and result in the enlargement of the 
locular space and not in the thickening of the pollen sac walls. In the 
Winesap the wall cells of the inner side of the locules of the abnormal 
anthers commonly undergo periclinal divisions and thus form vegetative 
tissue that intrudes into the locules. In anthers where there is little or 
no pollen matured the locules are often entirely filled with the protrud-
ing wall tissue. This abnormal development of the wall cells of the pollen 
sacs is subsequent to the excessive development of the tapetal cells which 
break down and disappear as they are encroached upon by the wall cells. 
The abnormal developmental history within the Winesap anthers is 
not accompanied by any very marked deviation from normal anthers in 
either size or form (fig. 1). In the anthers of the Winesap the ratio of 
breadth to thickness is apparently greater than in the anthers of most 
apple varieties but there is no noticeable collapsing, even in anthers where 
there is · complete destruction of pollen. The vegetative wall tissues in-
truding into the locules and filling the space normally occupied by pollen 
prevents the collapsing of pollen sacs and any marked deviation of the 
anthers from normal appearance in size and shape. · 
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PRE-MEIOTIC AND MEIOTIC STAGES 
There was no suggestion of abnormalities in either the pre-meiotic 
or meiotic stages of anther development. The various steps in the de-
velopment of the chromosomes were normal for apples. Likewise at these 
stages of anther development the tapetal cells and wall cells of the pollen 
sacs were normal. The tapetal cells were heavily loaded with food, which is 
a normal condition, were normal in size and displayed no aggression 
toward the pollen mother cells. In all stages up to and somewhat beyond 
the tetrad stage there was no apparent aggression of the tapetal cells. The 
mother cells had ample and approximately normal amount of space for 
development and formation of tetrads (figs. 4, 6 and 7). 
In meiosis there were some multiple associations of chromosomes, a 
feature well known in apples. Excepting a very occasional lagging of a 
chromosome, both the reduction and homotypic divisions of meiosis were 
perfectly normal (fig. 4). The number of chromosomes estimated from a 
number of counts made in diakinesis, meta- and anaphase is 34, which is 
in agreement with Nebel's report. Following meiosis the tetrads increase 
in size, form their walls and separate, apparently in the normal way. The 
first indication of pollen abortion does not appear until the pollen grains 
have attained the globular form, approximately full size, and have their 
walls fairly well developed. Then it is that the protoplasm of many, if not 
most, of the pollen grains is noticeably scanty, vacuolate, and lacking in 
density. 
THE ENCROACHMENT OF TAPETAL AND WALL CELLS AND ABORTION OF 
POLLEN 
When pollen showed decided evidence of a disturbance in its de-
velopment by the scantiness, lack of density, vacuolated condition and 
disorganization of protoplasm, the tapetal cells had noticeably elongated 
and closed in on the !ocular space, and had contacted many of the out-
lying pollen grains (figs. 5 and 8). In many locules the pollen grains 
were crowded into a compact mass in the central area of the locule (fig. 8). 
The tapetal cells showed no evidence of undergoing the digestion that 
occurs during normal development of pollen grains. Their protoplasm 
had greatly increased and had lost none of its density. The evidence of the 
pollen being digested was generally more noticeable in the pollen grains 
nearest the tapetal cells but those in the center of the locule were not far 
behind in showing a loss of cell contents. Accompanying the loss of cell 
contents there was a shriveling of pollen and commonly complete dis-
organization, only a small dark remnant being left. In extreme cases the 
encroachment was continued until the locule was obliterated and pollen 
all aborted (figs. 3, 10 and 11), but generally some pollen grains escaped 
destruction, although the protoplasm of many of these was abnormal in 
appearance. Although apparently full size, their protoplasm was vacuolate 
and lacked normal density. This can account for the impotency of much 
of the Winesap pollen as found in germination tests and pollination ex-
periments. 
After the tapetal cells had run their course, their protoplasm usually 
lost much of its density, and commonly they disorganized and shrank 
away, the space occupied by them being appropriated by the ingrowing 
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wall cells of the locule (figs. 10 and 11) . Possibly the wall cells digest the 
tapetal cells and make use of them in their extra development. 
A study of dehiscense was not made, but with few exceptions, as in 
figure 11, the mechanism for dehiscence was developed and anthers with 
almost no pollen were found in the process of dehiscing as shown in 
figure 9. 
DISCUSSION 
Pollen impotency to the extent that some of the pollen grains are 
shriveled and non-functional is quite general in diploid apple varieties 
where pollen impotency can not be attributed to irregularities in meiosis 
found in triploids. In diploids as much as 20 per cent dead and shriveled 
pollen is probably not uncommon and a much higher percentage may 
occur in some varieties. Heilborn (5) explains pollen abortion in diploid 
apples by assuming recessive pollen lethals, and that the chromosome con-
stitution of the apple is according to that proposed by Darlington and 
Moffett (3), namely, that the basic number of chromosomes is seven and 
that diploid apples, although behaving as diploids, are in their funda-
mental chromosome constitution polyploids. They are allotetraploids sup-
posedly formed by inter-specific crosses. That the basic chromosome 
number is seven is suggested by the fact that through multiple associations 
all the chromosomes of a complement are sometimes included in seven 
groups in meiosis. According to Darlington and Moffett the seven groups 
consist of three sexivalents and four quadrivalents which may be repre-
sented in the haploid condition by AAA, BBB, CCC, DD, EE, FF, and GG. 
Now if one chromosome of each of the homologues of one or more of the 
groups has pollen lethal factors the varied assortment of chromosomes 
in meiosis should give some pollen homozygous for recessive lethals and 
these would abort. The amount of abortion would vary with the number 
of chromosomes of a group having lethal factors and with the number of 
groups having chromosomes with lethal factors. Let us represent the 
chromosomes carrying recessive pollen lethal factors by small letters and 
suppose a certain apple tree has the diploid chromosome constitution 
AaAaAa, BBBBBB, CCCCCC, DDDD, EEEE, FFFF, and GGGG. Ap-
proximately one-eighth of the pollen produced by this tree should receive 
the three lethal factors aaa and be sterile. If in addition to the lethal fac-
tors in the A group, the B group has the constitution BbBbBb, then ap-
proximately one-fourth of the pollen should be sterile. It is easily seen 
how various degrees of sterility can result from such a chromosome con-
stitution with a variable number of chromosomes bearing recessive pollen 
lethal factors. 
In the Winesap, pollen sterility is not merely a matter of the pollen's 
failing to reach normal maturity with no apparent cause outside of the 
protoplasm of the pollen; but there is the accompanying abnormal be-
havior of the tapetal cells and to some extent of the wall cells of the pollen 
sacs, that strongly suggests a reversal of the physiological relationship 
between the pollen and surrounding cells, especially the tapetal cells, 
which results in the larder's getting control of the household and eat-
ing up the masters. 
The specific relationship between the developing pollen and the tapetal 
cells in normal anthers is not known. The general condition is that there 
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is only a mere trace of the tapetal tissue at the time of the anther's matur-
ity. It is supposedly consumed by the developing pollen. Possibly the 
tapetal tissue inherently reaches a stage of maturity earlier and gives 
itself over, figuratively speaking, to be consumed by the developing pol-
len; or it may be that the developing pollen has greater imbibing power 
and more efficient digestive enzymes and simply subdues and consumes 
the tapetal tissue. The latter view has at least three things in its favor 
in explaining the situation in the Winesap. Such a view would explain 
the over-development of the tapetal tissue and its encroachment upon 
and apparent digestion of the pollen on the basis that the developing 
pollen is low in vigor and consequently is overpowered by the tapetal 
tissue; or that the tapetal tissue is extraordinarily vigorous, and therefore 
superior to the pollen in absorbing power; or that the disparity between 
the pollen and tapetal tissue is caused by a lack of vigor in one and excess 
of vigor in the other. That there is a competitive relationship between 
pollen and tapetal tissue is supported by the fact that in anthers with 
excessive tapetal tissue development, commonly a few of the tapetal 
cells behave in the normal way, apparently undergoing digestion as is 
usual in the normal development of anthers. Another feature favoring 
the competitive relationship is the wide variation in the disturbance in the 
different anthers, ranging from total to almost no abortion of pollen. In 
diploid varieties where pollen abortion supposedly results from recessive 
pollen lethals some variation in abortion of pollen in different anthers 
should be expected, but not such wide variation as occurs in the Winesap. 
Physiological as well as other features of organisms are fundament-
ally gene influences. The ability of pollen grains and tapetal cells to di-
gest and absorb materials surrounding them doubtless is traceable to 
gene influences. As a result of the supposedly hybrid constitution of the 
apple, the abnormal physiological relationship between the tapetal cells 
and pollen of the Winesap very likely is caused by an unusual gene con-
stitution. It may be that in the particular gene constitution of the Wine-
sap the double number of genes for ability of the tapetal cells to absorb 
and digest gives them an advantage over pollen with the haploid number 
of genes. Whatever the cause may be, it no doubt is as inherent as the 
abortion by causes apparently entirely within the pollen. 
If the relationship of absorptive ability between pollen and tapetal 
tissue is not far from being balanced, then competition between flowers, 
between anthers of the same flower for water, carbohydrates and minerals, 
and differences in temperature to which different anthers are exposed 
during their development may affect the balance and account for the wide 
variation in the disturbance of different anthers. 
SUMMARY 
1. Pollen abortion in the Winesap is associated with abnormal de-
velopment of tapetal tissue and pollen sac wall cells. 
2. The tapetal tissue instead of diminishing and practically disappear-
ing during the development of the pollen and the normal maturing of the 
anther, continues its development to the extent that it crowds in upon the 
pollen. In extreme cases the tapetal tissue practically fills the locule 
leaving very little room for pollen development. ' 
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3. As the pollen is encroached upon by the tapetal tissue, it shows 
evidence of abortion in lack of density and in the vacuolated condition of 
protoplasm and finally in shriveling and disorganization. 
4. It is suggested that pollen abortion in the Winesap is caused by 
a reversal of physiological relationships in which the tapetal cells digest 
the pollen. 
PLATE I 
Fig. 1. Mature stamens of Winesap sho~ing general appearance of anthers. 
Fig. 2. Lengthwise section through an anther with normal development of pollen 
and digestion and disappearance of tapetal cells. 
Fig. 3. Lengthwise section through abnormal anther of Winesap in which .both pollen 
and tapetal tissue have been largely replaced by ingrowing wall tissue. Note 
cross-sectional view in figures 9 and 10. 
Fig. 4. Lengthwise section through locule of Winesap showing meiosis proceeding 
normally. 
Fig. 5. Cross section of anther showing tapetal cells encroaching upon the pollen 
which is already showing disorganization. 
Fig. 6. Cross section of locule showing mother cells normal in appearance. 
Fig. 7. Tetrad stage of pollen development with no abnormalities in development 
yet discernible. 
Fig. 8. Cross section of a locule at the stage in which pollen is being crowded by 
tapetal tissue. Pollen is compacted, vacuolated, and nuclei are disorganized. 
Fig. 9. Cross section of locule in which pollen and tapetal tissue have been replaced 
by wall tissue. Note that wall cells have undergone the modifications that 
constitute the mechanism for dehiscence. 
Fig. 10. Similar to Fig. 9, but showing both locules in which the ingrowing of the 
wall tissue and absorption of tapetal tissue and pollen are extreme although a 
common occurrence in Winesap anthers. 
Fig. 11. Cross section of an anther in which development of wall tissue has oc-
curred on all sides of the locules and development of the dehiscing mechan-
ism has been omitted. In lower left locule the tapetal cells remain as elon-
gated vacuolate cells almost completely filling the locule. 
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That diet may be an important factor in mortality from caecal coccidi-
osis in chicks was brought out in a recent note by the senior author (1937) . 
Since it was promised that a more detailed account would appear later, 
and since other experiments along similar lines have been carried out, a 
further account of the progress of the work should now be published. 
The method employed for attacking the coccidiosis problem through 
diet is unique. It is based on the hypothesis that certain feeding stuffs in 
the ration should favor severity more than others. In the case of Eimeria 
nieschulzi infection of the white rat, it has been demonstrated repeatedly 
that the quantitative character of the infection, as indicated by oocyst 
counts, can be controlled to a considerable extent through manipulat-
ing the formula of the ration (Becker and Derbyshire, 1937) . It was hoped 
that similar study could be made of the number of oocysts discharged by 
chicks on different diets, but plugging of the caeca shortly after oocyst 
elimination commenced precluded attack on the problem through enumer-
ation of oocysts. Consequently, mortality has been used as the criterion of 
the effect of the ration on the course of the infection. Whether the inci-
dence of death in flocks of chicks on different diets and experimentally 
infected with Eimeria tenella is actually an index to the parasite population 
that has been built up in the birds is still an undetermined point, but it is 
clearly shown in the present investigation that one ration may predispose 
the hosts to fatal ravages of the parasite more than another. 
The problem is really a dual one, for eventually a ration that would 
benefit the poultryman in reducing caecal coccidiosis in his growing flock 
would have to demonstrate satisfactory growth-promoting properties. A 
modicum of success has been attained in the direction of reducing severity 
of infection and maintaining growth simultaneously, but the real contribu-
tion in this paper is to point out some of the fundamental problems and 
difficulties involved rather than to present the poultry world with a ration 
that meets its requirements. 
Chicks employed for experimental hosts were all White Leghorns 
obtained from local hatcheries. They were represented to us as having 
come from blood-tested, pullorum-free stock. An inquiry into the prac-
tises of the hatcherymen from whom were purchased the chicks used in 
the last four experiments brought out that his flocks are closely tested by 
a competent veterinarian known to the writer. Moreover, the Veterinary 
1 Supported in part by grants from both the American Academy of Arts and 
Sciences and the Industrial Science Research Fund at Iowa State College. Grateful 
acknowledgment is made for some technical and professional assistance from Dr. E. F. 
Waller. 
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Investigations staff at the Iowa State College has a high regard for the 
health and vigor of his chicks. Autopsies of chicks that died during and 
previous to experimental infection with coccidia have never revealed any 
definite indication of pullorum infection. When the writer (E. R. B.) was 
in doubt he showed the carcass to veterinarians for their opinion. In one 
suspicious case with an unabsorbed yolk sack, a culture of the liver and 
other organs was made, but gave negative results. Furthermore, fatalities 
caused by pullorum infection usually occur between the filth and tenth 
days of life, while our chicks were much older at the time of inoculation 
with coccidia. In addition, deaths occurring after inoculation on the fifth 
sixth, seventh and eighth day are quite characteristic of Eimeria tenella. 
The microorganism, Eimeria tenella, was isolated from a mixed "cul-
ture" of fowl coccidia by the method of culturing scrapings from the 
washed caecal wall. E. neactrix or other forms have not been present in 
our culture. Three per cent potassium dichromate solution was used for a 
culture medium. 
A particular commercial ration was selected for the control in the first 
three experiments because (1) it was widely used in this locality, (2) 
chicks died freely from coccidiosis when raised on it, and (3) the manu-
facturer was willing to furnish the formula. It contained the following 
ingredients in parts by weight: ground yellow corn, 40; hulled oats, 5; 
wheat middlings (gray shorts), 30; wheat bran, 5; meat and bone meal, 
5; dried skim milk, 5; alfalfa meal, 13 per cent protein, 4; linseed oil meal, 
1; fine oyster shell, 2; charcoal, 1; steamed bone meal, 1; salt, 0.5; cod liver 
oil, 1. The parts add up to 100.5. Chicks were kept on this mash from the 
first day of life until test feeding was started. Afterwards the control 
ration was mixed in the laboratory, linseed oil meal was omitted, and the 
salt content raised to 1 per cent. This practise insured constancy of the 
mixture and made the parts add up to 100. On the basis of declarations 
appearing on sacks in which the components of the mash were marketed 
the total protein content was about 15 per cent. 
At the start of the experimental feeding period the chicks were divid-
ed into the desired number of lots by drawing twos and threes. They 
were weighed individually except where otherwise stated, and confined 
in battery brooders with half-inch meshed hardware,.cloth bottoms. Food 
and water containers were located outside the cages so that the birds had 
to eat and drink through spaces between wires. Such arrangements 
prevented chicks from ingesting their droppings accidentally or otherwise. 
No food was given the birds except the mash in the hoppers. Repeated 
fecal examinations insured freedom from previous immunizing infection. 
After the birds had been kept on the special diets for desired lengths 
of time they were inoculated directly into the crop with the numbers of 
oocysts that previous experience had shown to kill most of the birds on 
the control diet. A soft rubber catheter was found to be a safe instrument 
for the inoculation. In each experiment the test and experimental series 
received the same calculated number of oocysts per bird. 
Deaths occurred on the filth, sixth, seventh and eighth days, although 
in other experiments _death has been observed to occur after the eighth 
day. Dead birds were autopsied. Hemorrhagic caeca and merozoites in 
the caecal content were considered presumptive evidence of the lethal 
effects of the parasite. 
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EXPERIMENT 1 
The test ration in this experiment was not suitable for purposes of 
the poultry feeder; nevertheless, it was responsible for the first striking 
success in curbing mortality by manipulating the diet. 
Thirteen 14-day-old chicks were weighed in at a mean of 82 gm. 
They were put onto the following (test) ration described in parts by 
weight: yellow corn meal, 25; meat and bone meal, 6; soy bean oil meal, 
expeller processed, 22.5; ground hulled oats, 20; ground whole wheat, 10; 
wheat bran, 5; ground oyster shell, 1; salt, 1; fine charcoal, 1; beet sugar, 
6.5; cod liver oil, .2. The calculated protein content is 20 per cent. 
Eighteen control chicks had a mean weight of 83 gm. After 9 days 
on the rations each chick in the two lots received an estimated 50,000 
sporulated oocysts of Eimeria tenella from a new culture that had been 
thoroughly washed of the dichromate solution medium. When inoculated 
the test chicks showed a mean weight of 121 gm. and the controls, 142 gm. 
Four days later, that is, the day before deaths began to occur, the mean 
weights were 141 gm. and 174 gm., respectively. Six chicks were found 
dead in the control brooder on the fifth day and three more on the sixth 
day. One chick in the test brooder succumbed on the seventh day. On 
the seventh day the survivors in both brooders were put on the commercial 
ration again and observed for 10 days more without further mortality or 
serious illness. 
EXPERIMENT 2 
The test ration used in this experiment represents an attempt to im-
prove the previous one in respect to its growth-promoting qualities. Its 
formula is as follows (parts by weight): yellow corn meal, 32; ground 
hulled oats, 20; soy bean oil meal, expeller processed, 16; fish meal, 65 per 
cent protein, 4; meat and bone meal, 4; wheat bran, 5; wheat flour midd-
lings (gray shorts), 10; fine oyster shell, 2; alfalfa meal, 13 per cent pro-
tein, 2; commercial casein, 1; salt, 1; fine charcoal, 1; cod liver oil, 2. The 
calculated protein content is almost 21 per cent. 
The chicks were kept on the commercial ration for the first 8 days 
of life. The 24 controls had a mean weight of 54 gm. the day after the 
lot was divided and the 25 test chicks, 55 gm. One of the latter group died 
before it was inoculated. 
After a 2-weeks feeding period each bird was inoculated with a cal-
culated 60,000 sporulated oocysts from a washed culture. Four days lat-
er, just before the onset of serious illness, the controls were found to have 
gained a mean of 101 gm. since the date of the previous weighing. The 
test chicks had gained on the average 120 gm. each. Four of the latter, 
however, were showing def4iite symptoms of nutritional paralysis of the 
type in which the toes turn inwards (cf. Norris et al., 1931, and Record 
et al., 1934). Fourteen of the controls died on the fifth day of the infec-
tion, 5 on the sixth day, making 19 deaths in the lot of 24 birds. The only 
fatality in the test group occurred on the fifth day. The findings in the 
caeca at autopsy confirmed the belief that all 20 chicks had died of coccid-
iosis. ' 
It is of special interest that none of the four birds showing symptoms 
of paralysis died; in fact, they appeared to show peculiarly abnormal re-
sistance to the infection with E. tenella. Be this as it may, the birds were 
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on their feet again within two days after they were pennitted to resume 
the commercial ration. 
The other survivors in both lots were permitted to continue on their 
respective rations until the thirteenth day after inoculation. For another 
week both lots ate the commercial ration. There were no casualties after 
the sixth day of the infection. 
EXPERIMENT 3 
The ration employed in the test lot of this series was designed with the 
hope that it would provide good host-growth, prevent the type of paralysis 
that appeared in the previous experiment, and at the same time confer a 
degree of coccidiosis-resistance upon the host. It has been demonstrated 
by Bethke, Record, and Kennard (1931) that dried buttermilk and dried 
skim milk would prevent the paralysis. Accordingly, a small amount of 
dried skim milk was included in the ration along with a greater variety of 
grain protein and more alfalfa meal. The following formula was the result 
(parts by weight): yellow corn meal, 40; ground hulled oats, 10; finely 
ground whole oats, 5.5; ground whole barley, 5; ground whole wheat, 5; 
wheat bran, 5; wheat middlings (gray shorts), 5; soy bean oil meal, 10.5; 
meat and bone meal, 4; fish meal, 65 per cent protein, 2; fine oyster shell, 
2; salt, 1; dried skim milk, 2; alfalfa meal, 13 per cent protein, 3; cod liver 
oil, 1. The parts add up to 101. Unfortunately, through an oversight cod 
liver oil was ommitted from the formula in the previously published note. 
The calculated protein content is about 17 .5 per cent. 
When the lot of chicks was 14 days old it was divided into three 
groups: No. 1 received the test ration, No. 2 the control ration, No. 3 the 
control ration until the date of inoculation and after that the test ration. 
The mean weights, respectively, were 57 gm., 61 gm., and 58 gm. On the 
fourteenth day of the feeding period each chick was inoculated with 
80,000 sporulated oocysts. On the seventeenth day No. 1 showed a mean 
gain of 90 gm. over the previous weight; No. 2, 86 gm.; No. 3, 88 gm. 
No. 1 lost on the fifth, sixth, seventh, and eighth days a total of 6 out of its 
36 chicks. No. 2, the control, lost 17 out of 28. The Chi-square test gives a 
significant value for the difference in mortality in the two groups. The 
third group had 5 fatalities out of 10 chicks. It seems that the test ration 
was not protective when the chicks were put on it the day they were 
infected. 
Death owing to caecal coccidiosis was confirmed by autopsy. 
EXPERIMENT 4 
Three rations were fed in this experiment, all of them different from 
the commercial ration and control in the previous three experiments. 
Their composition will be fo\ind in table 1. 
The commercial ration was fed for the first 14 days of life. On the 
fifteenth day the chicks were divided into 3 lots and put on the different 
rations. Since other duties interfered, weights were not recorded. After 
2 weeks on the special diets the chicks were infected with 125,000 oocysts 
each. 
Ration 1 is characterized by its low dried milk content. Five out of 23 
chicks receiving it succumbed to caecal coccidiosis. Strangely, no paralysis 
developed in this group. Ration 2 contained 6 parts of dried skim milk. 
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There were 10 deaths in the group of 21 that ate it. Ration 3 was made up 
with 6 parts of "lacto-butterrnilk," a buttermilk made by culture methods 
and having a sour taste. There were 12 fatalities in the group of 21 chicks 
kept on this ration. Post mortem examinations showed the typical lesions 
of severe caecal coccidiosis. 
The difference in mortality between the chicks on ration 1 and ration 
2 was not quite statistically significant, but that between the groups on 
ration 1 and ration 3 was barely so. 
TABLE 1. Ccmstro.ction of rations-used in experiment 4 
Materials 
Pctg. 
Protein Ration 1 Ration 2 Ration 3 
Yellow corn meal. ..... ... . ..... .. . . . · ··· · · 9.4 35 35 35 
Meat scraps . .. . .. . .. . . . . . ........ . . . ..... . . 50.0 3 3 3 
Fish meal. . .. . . .. . . .. .............. . ..... . . 65.0 3 3 3 
Soy bean oil meal (expeller process) . ... .. .. 41.0 10 3 3 
Ground hulled oats ..... . . . . . . . .. . . . ... ..... 16.2 11 11 11 
Ground whole oats ...... . . . ... . . . . . . . . . . . . . 12.0 15 17 17 
Wheat bran . . .... . . .. . .. .. . . . . . . . . . . . . . . . .. 14.5 5 5 5 
Wheat middlings (gray shorts) .. .. ...... .. . . 16.0 10 10 10 
Alfalfa meal (13 per cent protein) ... . . . . . . . . 13.0 3 3 3 
Charcoal, fine .. .. . . ... . .. ...... . ... .. ....... 1 1 1 
Oyster shell, fine . .. . . ..... . .... ... .. . .. . · .· 2 2 2 
Salt 
······ ·· ··· ···· ·· ···· .. ..... .. ....... ... 
1 1 1 
Dried buttermilk (lacto-) . . ......... . . . . . . . . 33.8 6 
Dried skim milk . ... . ... . . . ...... . ......... . 34.8 1 6 
Cod liver oil (Nyal ) ..... . .... .. . . ... . ...... 2 2 2 
Total parts by weight .............. ... .. .... 102 102 102 
Percentage protein (calculated) . .... . . .. . . . 17.5 16.6 16.5 
EXPERIMENT 5 
The purpose of this experiment was to test further the effect of dried 
buttermilk in the ration and to obtain some idea of the independent effect 
of wheat middlings. The 3 rations are outlined in table 2. It is to be noted 
that rations 2 and 3 are well-balanced; that ration 2 is characterized by its 
content of buttermilk powder and wheat middlings at 10 per cent levels; 
that ration 3 contains buttermilk powder at the 10 per cent level and wheat 
middlings at the SO per cent level; and that ration 1 more than makes up for 
its lack of dried milk in the 13 per cent soy bean oil meal content. Ration 1 
is undoubtedly markedly limited in vitamin G. The failure of paralysis to 
develop in the group on ration 1 is unexplainable at present. The fish meal 
was prepared by drying canned ATCO, marketed as food for poultry, at 
70°C. and grinding in a coffee mill. 
The entire lot of chicks was fed ration 3 for the first week of life. Then 
each bird was weighed, numbered, and assigned to one of three brooders. 
The lot put on ration 1 had a mean weight of 55 gm., that on ration 2 a 
mean weight of 59 gm., and that on ration 3 a mean weight of 57 gm. After 
two weeks on the rations each chick was inoculated with 100,000 sporu-
lated oocysts of Eim eria tenalla and 50,000 of Eimeria acervulina. The 
latter species is but slightly pathogenic in pure infections, but it was used 
410 - ELERY R. BECKER AND PHILIP. C. WATERS 
in connection with the caecal form simply because the writer wanted to 
see if a more disastrous effect would result from a mixed infection of that 
type than from pure infections of E. tenella. The result was negative so far 
as could be determined from uncontrolled observations. 
All resulting deaths occurred on the fifth and sixth days after inocula-
tion. They were distributed as follows: in the lot on ration 1, 6 out of 17 
TABLE 2. Ccmstruction of raticms used in experiment 5 
Mater ials 
Yellow corn meal. ....... . .. . . . . . . . ...... . ... . . . 
Meat scraps ..... . . . .. . . . ............. . . . . ..... . 
Fish meal (dried ATCO) ... . .... .. . . . . ...... . . . . 
Soy bean oil meal (expeller process) .. . . .. ... .. . 
Ground hulled oats . . .. . . .. . . ... ....... .. . .. .. . . 
Wheat bran . . ... . ................. .. . .... .. . . . . . 
Wheat middlings (gray shorts) .. ........ ...... . . 
Alfalfa meal (13 per cent protein) .............. . 
Charcoal, fine .. . ..... . . . . ... . .. .. . .. . ....... . . . 
Oyster shell, fine ............. . ... . ... .. .... . .. . 
Salt . . .. ..................... · ··. · · · · · · · · · · · · · · 
Buttermilk, dried . . .... ..... . . . . . .. . ... . ....... . 
Casein, commercial. . ....... ... .. ... . . . . .... .. . . 
Cod liver oil (Nyal) ............. .. ........ . ... . 
Total parts by weight . ... ... . ...... . .. . . . . .. ... . 



















































inoculated chicks; in lot on ration 2, 9 out of 17 inoculated chicks; in lot on 
ration 3, 12 out of 15 inoculated chicks. Chi-square tests showed a signifi-
cant difference in fatalities occurring in the lots on ration 1 and ration 3. 
The tests for the lots on rations 1 and 2 and for lots on rations 2 and 3 were 
not significantly different statistically, possibly because the number of 
fatalities in each lot was about what one could expect if both dried milk 
and wheat middlings were culpable. 
There was another angle to the effects of the diet, however, that was 
not measurable in mortality. On the seventh and eighth days of the infec-
tion every one of the 8 survivors in the lot on ration 2 stood hunched and 
motionless with the eyes closed for a considerable part of the time. It 
seemed almost certain that they would perish. The survivors in the lot on 
ration 1, on the contrary, were moving about and eating a small amount of 
food during that same period, save for 2 or 3 which were in a condition 
resembling all the survivors in the lot on ration 2. All the apparently hope-
less cases in the 2 lots, however, made remarkable recoveries. What is 
the explanation of what occurred? It is probably the acute attack which 
holds the key to the situation. The more suscepti\>le individuals in the first 
lot passed away when the hemorrhage was at its height on the fifth and 
sixth day, but the survivors which received no dried milk and the reduced 
amount of middlings rapidly passed the crisis. The crisis lasted longer in 
the lot which received the buttermilk and the reduced amount of midd-
lings, but the infection was not quite heavy enough to kill any more of 
the survivors. The behavior of the surviving chicks in the lots on rations 
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1 and 2 gave every indication that a somewhat heavier infective dose would 
have produced far more casualties in the lot on ration 2 than in the lot on 
ration 1. 
The growth records of the birds are also of interest. During the first 
17 days on the special rations, which included the third day of the infection, 
the lots on rations 1, 2, and 3 made mean weight gains of 110 gm., 131 gm., 
and 124 gm., respectively. Seventeen days after these weighings were 
made, the respective further mean weight gains were 117 gm., 161 gm., and 
118 gm. The latter figures are based, of course, only on survivors-11 in 
the first lot, 8 in the second, and 3 in the third. There were 11 hens in the 
survivors of the first 2 lots which were given to a janitor on condition that 
he would report on the progress they made. Two months after the last 
weighing all were still alive and apparently thrifty. 
All other survivors were autopsied after the last weighing on the 
twentieth day of the infection. Some of them still retained caecal plugs as 
evidence of past infection, but some of the caeca had returned to a condi-
tion close to the normal. A study of the fate of these plugs would be a 
profitable undertaking, but so far as the writers could tell, from casual 
observation, they had little adverse influence on recovery or weight gains 
made by the birds. 
TABLE 3. Construction of rations used in experiment 6 
Materials 
Yellow corn meal. . ... . . . ........ . .......... . . . 
Wheat middlings . .................. . . . ........ . 
Wheat bran . .. . ...... . .. . . ... .. . . . .... . .. . ... . . 
Ground barley . .. . .. . . . . .. . ..... ... .. . ..... . .. . 
Oat flour . .. .. .. . ... . .. . . .... . . .... .. . .. ... . . .. . 
Ground whole oats . . .. . .. ................ . .. . . . 
Soy bean oil meal (expeller process) .. . . . . .. . . . . 
Oyster shell, fine . .. . . .. .. . . . . .. . ...... . .. . .. .. . 
Salt . ....... . . ... . .. ..... ...... .. . · · · · · · · · · · · · · 
Cod liver oil ... . ..... . . . . ... ..... . . .. . . . .... . .. . 
Fish meal ...... . .. .. . . . . ... .. ....... . .. . ...... . 
Dried buttermilk . .. .. .. . . .. .............. . . ... . 
Steamed bone meal. . .. . ... . . .... ....... . . . .. . . . 
Total parts by weight . . . . ..... ... .. ... .. .... . . . . 












































This experiment was planned for testing further the effect of dried 
buttermilk in the ration and acquiring evidence concerning the possibility 
that middlings in a ration without dried milk has an unfavorable effect 
upon caecal coccidiosis. A still more compelling motive was to ascertain 
whether pullorum infection was being carried along in the cultures of 
Eimeria tenella. Furthermore, although all the chicks previously used 
were from supposedly pullorum-free stock and none of the dead birds 
showed the typical lesions of pullorum disease at autopsy, it appeared 
desirable to make a careful study of the possibility that at least some of 
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the deaths ordinarily attributed to coccidiosis might be due to pullorum, 
or at least complicated with it. Since cultures of the tissues of the dead 
birds would check both possibilities, arrangements were made with Dr. 
E. F. Waller of the Veterinary Pathology Department at Iowa State 
College to make autopsies of the dead birds and to attempt to culture the 
bacterium from the livers. He found that the lesions in the birds that 
succumbed were not those of pullorum disease, that the condition of the 
caeca in each case was indicative of death from caecal coccidiosis, and that 
2 cultures from the ,liver of each bird were negative for the typical 
colonies of the bacterium sought. The writers are convinced that in this 
experiment pullorum disease was not a complicating factor in death of 
the chicks. 
The chicks were kept on a ration similar to the commercial product 
previously described for the first week of their lives. On the eighth day 
they were divided into 3 lots, confined in batteries, and put on the rations 
described in table 3. Each chick was inoculated directly into the crop with 
130,000 sporulated oocysts of Eimeria tenella from a two-month-old cul-
ture. It was necessary to add dried buttermilk to the extent of 2 per cent 
to rations 1 and 2 beginning on the date of inoculation, because definite 
indications of paralysis were commencing to develop in a few of the chicks. 
Deaths occurred on the fifth, sixth and seventh days. They were dis-
tributed as follows: in the lot on ration 1, 5 out of 34 chicks inoculated; in 
the lot on ration 2, 5 out of 33 chicks; in the lot on ration 3, containing 7 
per cent dried buttermilk, 12 out of 33 chicks. Chi-square tests comparing 
the first and third lots and the second and third lots showed that the lots 
compared probably belonged to different populations. Obviously the re-
sults in the first and second lots were not significantly different. It was 
shown, then, that dried buttermilk favored severity and that middling in 
a ration with no dried milk did not favor severity. 
The chicks were weighed individually the day they were started on 
the test rations, and on the ninth, fourteenth and eighteenth days there-
after, the last weighing being on the fourth day of infection. The mean 
net gains for the 18 days on rations 1, 2, and 3 were 138.4 gm., 159.5 gm., and 
160 gm., respectively. 
DISCUSSION 
The experiments and results described in the foregoing pages have 
succeeded in demonstrating that one ration may spare the White Leghorn 
chick from fatal effects in experimental coccidiosis to a far greater degree 
than another. An inspection of the formulas used in experiments 1, 2, 3, 
and 5 reveals that a combination of dried skim milk at the 5 or 10 per cent 
level and wheat middlings at the 30 per cent level predisposes the host to 
fatal termination of the infection more than do reduced amounts of these 
feeding stuffs. It is evident that the combination of the dried milks and 
middlings at the higher levels in the ordinary type of poultry ration, such 
as that used for the control rations, permits a condition to develop in the 
bird that is highly unfavorable for its recovery. It is impossible to state at 
present the nature of this condition; that is, whether it is an enhanced 
parasite population or a lowering of the resistance of the host to the 
unmodified parasite population. 
Experiments 4, 5, and 6 represented attempts to ascertain the inde-
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pendent roles played by dried milks, partic,ularly dried buttermilk, and 
middlings. The results in experiments 4 and 6 were definite in placing part 
of the responsibility on dried buttermilk, but not so definite in experiment 
5. When, however, the results of the three experiments were set up as a 
single experiment with three degrees of freedom and subjected to the 
chi-square test (according to the procedure outlined by Snedecor, 1937, pp. 
154-156), a value indicating a high degree of significance was obtained. 
Thus it seems definitely safe to conclude that in rations of the type tested 
dried buttermilk adversely influences the host's chance of recovery. In a 
paper now in press Becker and Wilcke have contributed further to this 
conclusion. 
Experiment 6' indicates that the independent effect of middlings is 
nil in the absence of dried milk from the ration, while experiment 5 is 
suggestive of the existence of a deleterious effect from an increase in the 
amount of middlings from 10 per cent to 30 per cent, with dried buttermilk 
in the ration in the latter case. Admittedly, further investigation is needed 
on the effect of middlings in the ration both in the absence and presence of 
dried buttermilk. The same admission holds for the independent role of 
dried skim milk. 
None of the rations described in this paper are recommended to the 
practical poultryman for the purose of reducing losses from caecal coccidi-
osis in his flocks. Paralysis, and perhaps still other dietary disorders, might 
bring about greater losses than the parasite. The test ration in experiment 
3, which contains 2 per cent dried skim milk, would be by far the safest to 
try out under practical conditions, but until even this ration is tried out 
further it would be unsafe to recommend it or similar formulas. Sanitation 
will probably continue to be the safest practise for controlling coccidiosis 
and other parasite infections, although an improvement over the present 
situation should result when more is known concerning formulas that will 
adequately nourish the host and at the same time mitigate the severity of 
diseases produced by parasites. 
SUMMARY 
The combination of dried skim milk and wheat middlings or dried 
buttermilk and wheat middlings in the ordinary type of chick ration was 
responsible for a high death rate in White Leghorn chicks experimentally 
infected with caecal coccidiosis. Dried buttermilk of itself was likewise 
culpable when fed in the ordinary type of chick ration. 
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